Ah  faxin-. 


Distribution  of  this 
document  is  unlimited 


AD 


TECHNICAL  REPORT 
67-79-CM 


RESEARCH  ON  SYNTHESIS  OF  UNSATURATED  FLUOROCARBON  COMPOUNDS 

Final  Report 
by 

P.  Tarrant,  0.  J.  Stewart,  F.  G.  Brakesmith, 

D.  Sayers,  J.  Reyes,  W.  Oliver,  A.  C.  Wright, 

D.  Perry,  J.  Tandon,  A.  Wright  and  S.  Misaki. 


University  of  Florida 
Contract  No.  DA19-1?9-AMC-79(N) 


Project  Reference:  Series:  C  A-  OM-33 

1S024401A329 


March  1967 

Clothing  and  Organic  Materials  Division 
U.S.  ARMY  NATICK  LABORATORIES 
Natick,  Massachusetts  01760 


Best 

Available 

Copy 


FOREWORD 


The  purpose  of  this  project  is  to  conduct  research,  for  the 
preparation  of  unsaturated  organic  compounds  containing  fluorine, 
and,  w|jsn  synthetic  methods  have  been  developed,  to  prepare  various 
f luoroolef ins  which  may  give  oil  and  fuel  resistant  elastomers  that 
also  retain  their  elasticity  at  low  temperatures. 

This  -esearch  is  authorized  under  Contract  Number  DA19- 129-AMC- 
79(N)  and  is  a  further  continuation  of  the  work  initiated  under 
DA44- 109-QM  b22  and  continued  under  DA44- 109-AM- 1469  and  DA19-129- 
QM- 500. 

This  is  the  8th  report  prepared  under  the  contract  and  the  55th 
since  the  project  was  initiated  in  1951. 
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ABSTRAC' 


Synthesis  of  a  variety  of  fluorine-containing  compounds  was  studied. 

A  convenient  synthesis  of  perflno really!  halides  was  developed.  Lewis 
acid  catalyzed  addition  of  haloalkanes  to  olefins  resulted  in  new  fluoro- 
olefins.  A  series  of  fluorine  monomers  were  prepared  for  polymerization 
studies.  A  number  of  partially  flue rLna ted  nerbomadienes  were  prepared 
by  the  reaction  of  cyclopentadione  with  halo'Mefins  and  subsequent  ds- 
haiogenation.  Several  new  fluorinated  nitroso  monomers  were  prepared. 

A  series  of  compounds  of  the  general  structure  (CK^)^SiCF=CFR  were 
synthesized  utilizing  erganc lithium  reagents.  Alcoholysis  of  these  com¬ 
pounds  provides  a  convenient  route  to  1,2-difluoroolefins.  Several 
other  unsaturated  fluoro-organometallic  compounds  were  prepared  and  their 
reactions  studied.  It  was  found  that  they  could  be  reacted  with  carbonyl 
compounds  to  produce  alee hols  which  on  dehydration  gave  fluorinated  dienes. 
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RESEARCH  ON  SYNTHESIS  OF  UNSATURATED  FLUOROCARBON  COMPOUNDS 

I.  SUMMARY 


1.  A  convenient  synthesis  cf  perfiuorcallyi  halides  was  developed 
and  a  number  of  reactions  of  tnese  compounds  studied.  A  number  of  use¬ 
ful  fluoroolefins  were  obtained  from  their  reaction  with  (1)  alkoxides 
and  (2 }  ally!  magnesium  bromide. 

2.  lewis  acid  catalyzed  addition  of  halcalkar.es  to  haloolefins  were 
studied.  A  number  of  halogenated  alkanes  were  obtained  and  many  of  these 
were  converted  to  fluoroolefins  by  dehaicgenatio.o  and/or  dehydrchalo- 
genation. 

3.  An  investigation  addition  of  haloaikanes  tc  olefins  in  the  presence 
of  peroxide  was  carried  out,  and  the  olefins  were  prepared  from  many  of 
the  products  by  denalogenation  and/or  dehydrohalogenation. 

4.  A  number  of  monomers  were  prepared  for  contract  associates. 

5.  Attempts  were  made,  by  various  means,  to  prepare  radicals  from 
CF^BrCFClBr  and  CF^BrCFCII  and  react  them  in  situ  with  aromatic  compounds 
to  give  substituted  aromatics.  Success  was  limited  and  work  on  this  re¬ 
action  was  terminated. 


6.  A  purr. her  of  partially  fluorinated  norbomadienes  were  prepared 
by  the  reaction  of  cyclopentadiene  with  haloolefins  followed  (where 
necessary;  by  dehalogsnati on  of  the  product. 

?.  Addition  cf  nitrosyl  chloride  to  a  number  of  unsaturated  fluorine 
compounds  afforded  nitroso  compounds  which  were  generally  of  limited 
stability . 


8.  A  number  cf  reactions  of  fiuoroketanes  were  described. 

9.  A  series  of  compounds  of  general  structure  (CHy^SiC^CFR  were 
synthesized  by  reaction  of  trime thyl tri flue ro vir/isi lane  with  organo- 


lithium  reagents  (RLi } .  Alcoholysis  of  these  products  provided  a  con¬ 
venient  route  to  1,2-difluoroolefins.  Numerous  other  silanes  containing 
the  trifluoro vinyl  group  were  also  prepared. 


10*  Reactions  of  unsatu  'a ted  Gngnard  and  organolithium  reagents 


M***feS# 


were  studied,  (1)  Reaction  of  All,' lraagnesium  bromide  with  l'lucroolefins 

afforded  fluorine -containing  dienes.  Similar  reactions  of  fluorine ted 
unsaturated  organometallic  reagents  with  fluoroolefins  failed.  (2) 
Several  other  unsaturated  fluoro-orgar.ometaliic  compounds  were  prepared 
and  their  reactions  studied.  Of  particular  interest  was  their  reaction 
with  carbonyl  compounds  to  produce  alcohols  which,  on  dehydration, 
afforded  fluorinated  dienes. 

OH 

w  n 

e„g.  CF»CLi=CH_  ^ 


CH 


CF«CLi=CH0 

j  t- 


Ch'3CO CHj 


CF  -C-C' 


— P2?-5-»  CF  -C-C-CK 
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II.  DISCUSSION 


A.  Preparation  and  Some  Reacticrs  of  Perfluoroallyl  Halides 

Perfluoroallyl  chloride  was  obtained,  only  in  low  yield,  by  pyrolysis 

<l) 

of  chlorotrifluoroethylene 

This  route  was  abandoned  in  favor  of  one  involving  benzoyl  peroxide 

(2) 

promoted  add'  tion  of  dibrcmediflucrome thane  to  trifluoroethylene  and 
subsequent  dehydrchalogenaticn  of  the  product  with  aqueous  potassium 
hydroxide.  The  yield  of  the  bromide  was  limited  by  the  fact,  that  the 
initial  addition  gave  both  CF^BrCHFCF^Br  (85 %)  and  CF^BrCF^CHFBr  (155&)  as 
shown  by  NHR 

CF^Br2  +  CHF=CF2  - >  CF^BrCHFCF^Br  >  CF2=CFCF9Br 

+ 

CF2BrCF2CHFBr 

To  prepare  large  quartities  of  the  perfluoroallyl  compounds,  a 

mere  economical  route  than  either  of  those  described  above  was  required. 

(3) 

Recently,  the  following  reaction  was  reported  '  : 

A1C1- 

CFCI^  +  CFC1=CFC1  - CFCI^CFCICFC^ 

This  reaction  could  then  lead  to  the  desired  system  via  the  following 
series  of  steps: 

SbF-Cl  Zn 

CFCl^CFClCFClg  - - CF2C1CFC1CF2C1  - *  CF2=CFCF2C1 

GyCFCRjCl  CF2=CF-CF2X  vbere  X  =  Br,  or  I 


Various  sets  of  conditions  for  the  above  reactions  were  attempted.  Treat¬ 
ment  of  fluorotrichlororoethar.e  with  dichlorodiflucroethylene  in  the 


preserce  of  aluminum  trichloride,  at  best,  afforded  70$  of  a  mixture  of 
isomers  with  forau.fi C„ClrF_ .  A  small  amount  of  C_Ci,F„  was  also  isolated. 

3  5  3  3  6  2 

Thi  optimum  conditions  for  the  fluorination  of  djClJFh  were  found  to  in- 

o  >-  u  3 

volve  heating  at  190  -  200  in  an  autoclave  for  12  hours  -with  antimony 

trifluoride  and  chlorine.  Under  these  conditions,  all  the  starting 

material  was  converted  into  chiefly  C^Cl^F^  with  some  C^Cl^F^.  Dehaio- 

genation  of  the  C^Cl^F^  fraction,  which  was  shown  tc  contain  a  mixture 

of  CF„C1CFC1CF0C1  (71$)  and  CF0CC1_CF.C1  (25$)  gave  perfluo really! 

2  2  3  2  2  (4) 

chloride  in  80$  yield.  Perfluoroallyl  iodide  v/as  prepared  easily  by 

i 

the-  reaction  of  sodium  iodide  and  perfluoroallylbromide  in  anhydrous 

acetone. 

Perfluoroallylbromide  was  heated  at  100  for  two  hours,  100  for 

4.5  hours,  and  140°  for  19  hours,  then  176°  for  4  hours  in  an  attempt 
to  prepare  l,2-^Dromodifluoromethyl)-hexaflucrc''yclobutane.  In  none  of 
these  cases  was  any  higher  boiling  material  formed. 

Reaction  of  perflucroallyl  bromide  with  zinc  dust  in  refluxing 
dioxane  gave  no  evidence  of  reaction.  Further  heating  at  105  -  108°  for 

3.5  hours  in  a  sealed  tube  also  gave  nc  indication  of  reaction.  When 
refluxing  acetic  anhydride  was  used  as  solvent,  55$  of  the  perfluoroallyl 
bromide  was  recovered  along  with  a  small  amount  of  unidentified  material 
of  lower  boiling  point. 

Attempted  formation  of  perfluoroallyl  Grignard  and  lithium  reagents 
met  with  no  success. 

The  addition  of  alcohols  to  fluoroclefir.s  under  base  catalysis  is 
well  known  ~  When  perfluoroallyl  iodide  was  treat  ,-d  with  ethanoiic 
potassium  hydroxide,  two  products  were  obtainea  which  have  been  tentatively 
assigned  the  structures  C  HcOCF=CFCF„OC  H,.  and  CoH,0CF  CHFCF  OC^H,..  Per- 
fluoroallyl  halides  were  also  treated  with  trifluorcethar.cl 'K0H,  ally! 
alcohol/KOH,  methanol /sodium  methexide  and  dioxar.e  sodium  methexide.  For 
these  cases,  the  following  scheme  and  table  account  for  all  the  major 
products: 


-  h  - 


0) 

RO"  +  CF.. 

=CFCFpX  -  ROOF  -G 

l*Y:Fo': 

(?) 

R0CF,-CFCFoX 

-  >  ROOF-  CFCF,X  + 

F" 

1 

(3) 

rocf^Cfcf^x 

-  R0CFoCF-CF)  + 

X" 

II 

(4) 

U0CFoCFCI^T 

- >  kOCF,/]F~CFa  'f¬ 

F" 

lu 

(5) 

ROCF^CFCF^a 

+  ROM  — *->  R0CF9 

CHFCF?X 

t-  RO" 

(6) 

II  +  R0~ 

- >  ROCF_CFCI‘„OR 

IV 

ROH  . 

■  - > 

ROCFg'CPFCFgOR 

V 

0 

II 

(7)  v  Hydrolysis-?.  ROCF,CHFCOR 


Table  I 


X 

R 

I  +  III  (#) 

II  (#) 

I”  (#) 

V  (#) 

VI  (#) 

I 

cf3ch2 

— 

35.7 

— 

— 

— 

Cl 

allyl 

14 

19 

0 

36 

20 

Cl 

MeOH/CH 

15 

16 

0 

46 

0 

Cl 

dioxane/CH^ 

trace 

Major 

0 

0 

0 

The  reaction  of  potassium  trifluoroethoxido  in  trifluoroethmol  had 
previously  been  carried  out  with  perfluoroa '  l.yl  chloride 

As  can  be  seen  from  the  above  table,  reaction  of  perfluoroallyl 
chloride  with  potassium  allylcxide  in  ally]  alcohol  afforded  only  19#  of 
the  unsaturated  ether  (i.1).  It  was  felt  that  reaction  of  sodium  allyl- 

-  5  - 


oxide  in  the  absence  of  a  hydrogen  donor  would  give  tho  desired  ether  in 
much  better  yield.  However,  reaction  in  dioxane  and  acetone  gave  no 
product  at  all.  Apparently  the  sodium  allyloxide  was  too  insoluble  in 
these  solvents.  Attempts  to  find  a  solvent  for  this  salt  which  did  not 
contain  labile  hydrogens  were  unsuccessful.  These  included  methyl  ethyl 
ketone,  N,N-dimethylforaamide,  dimethylsulfoxide.  and  t-butyl  alcohol. 

The  reaction  of  CF^CFCF^Cl  with  allyiraagnesium  bromide  was  success¬ 
fully  carried  out  to  give  two  new  materials:  C^H^CIF^,  (probably  a  mixture 
cf  CH2=CHCH2CF2CF=CFC1  and  CH2=CHCH2CF=CFCF2C1^  and  CgH^F^,  (CH0=CHCH2CF= 
JFCFgCKgCH-CHg . )  No  CH2=CHCH2CF2CF=-CF2  was  detected.  The  following  scheme 
is  proposed  to  account  for  these  products: 


HMgBr  + 

cf2=cfcf2ci  — * 

r-cf2cfcf2ci| 

(1) 

(R=Allyl) 

__  MgBr  J 

RCF  CFCF  Cl 

1 

- ♦  HgErCl  + 

RCF2CF=CF2 

(2) 

i 

MgBr 

RxHgBr  - 

-»  MgBrF  +  RCF2CF=CFC1  + 

rcf^cfcf2ci 

(3) 

HMgBr  + 

RCF„CF~CF0 - - 

c  2 

RCF  CFCF  R 

1 

(4) 

1 

MgBr 

rcf2cfcf:)r 

- »■  MgBrF  + 

RCF=CFCF,R 

(5) 

HgBr 

B.  Lewis  Acid  Catalyzed  Addition  of  Halcaikanes  to  Kalociefins 

Alumimm  trichloride  catalyzed  addition  of  fluo to trichioroms thane 

to  l,2-dichlcTO-l,2-difluoroethyiene  was  described  in  the  previous  sections 

as  the  first  step  in  the  preparation  of  perflucroallyl  halides.  It  had 

(1) 

beer*  previously  reported  J  that  the  above  reaction  gave  CFC12CFC1CFC12 

and  no  other  product  was  mentioned.  In  our  laboratories,  a  72$  yield  of 

isomers  with  formula  C0ClrF„  was  obtained  as  well  as  a  small  amount  of 

j  j  i 
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C3C]5F3*  Althou”h  U  was  not  reported  in  the  previous  section,  (A),  NMR 
study  of  the  mixture  C^l^  showed  that  it  contained  CF2C1CFC1CC1  (81$), 
Cf^CCl^CCl^  (1$)  and  CFCl^CFClCFCl.,  (18$).  In  view  of  this  interesting 
discovery,  it  was  decided  to  study  further  the  Lewis  acid  catalyzed 
addition  of  haloalkanes  to  olefins. 


A  number  of  other  Lewis  acids  were  substituted  for  A1C1  in  th' 
reaction  of  CFCl^  with  CFCi=CFCl.  These  included  concentrated  sulphuric 
acid,  fuming  H^SO^,  Sr.Cl^,  AlBr^,  SoCl^,  5iCl^,  BF^,  BF^  etherate,  and 

Ur'de r  a  variety  oi  conditions.  Only  in  the  case  of  aluminum  bromide 
did  any  reaction  occur  and  then  it  produced  only  a  5$  yield  of  adduct 
after  3  days  at  room  temperature  and  s  hours  at  ?0°.  Aluminum  trichloride 
was  used  as  catalyst  in  all  other  reactions. 


To  elucidate  the  mechanism  of  the  A1C1  catalyzed  addition  of 
CFCl^  to  CFCi=CFCi,  a  study  of  the  isomerization  of  the  main  adduct 

C3C15F3^CF2C1CFC1CC13  (8l^»  CFC12CFC1CFC12  (18$)  and  CF^CC^CCl  (1$)) 
in  the  presence  of  AlCl^,  was  carried  out.  The  main  product  was  C  C1^F2, 
due  to  replacement  reaction,  although  enough  rearranged  C^Cl^F^  was  re¬ 
covered  for  NMR  analysis.  The  latter  material  consisted  of  CF  C1CFC1CC1 
(9C^)  and  CF3CC12CCI3  (5$).  Hence,  .he  CFCl^CFCICFCl^  was  completely  ? 
rearranged  tc  CF^lCFClCCi^.  This  type  of  AlCl^  catalyzed  rearrangement 
aisc  occurred  with  the  C^Cl^  fraction  formed  in  the  addition  reaction. 

The  initially  formed  C^Cl^  consisted  of  CF^ICCILCC^  (u6$)  and 
CFCl^CFCiCCl^  (>-^).  The  C^Cl^  fraction  isolated  as  the  major  product 

:rcm  the  attempted  isomerization  of  C  Ci^F  consisted  of  only  CF  C1CC1  CC1 

J  j  j  2  2  3  ’ 

ine  fou lowing  scheme  is  proposed  to  account  for  these  results: 


CFCl^  +  AlCl^  ,i.  CC1^+  +  AiCl^F" 

CC13+  +  CFC1-CFC1  -*=>•  CC13CFC1CFC1+ 

CC13CFC1CFC1+  +  A1C1.F"  *=k  CC13CFC1CF2C1  +  A1C13 

CFC13  +  A1C13  CFC12+  +  AICl^' 

CFC12+  +  CFCI=CFC1  y==*  CFCi^CFClCFCl"*" 


(1) 

(2) 

(3) 

(4) 


(5) 


CFC1_CFC1CFC1+  +  A1C1,  ~  y— >  C?C10CFC1CFC10  +  A1C1-,  (6) 

2  4  2  2  J 

Ain 

CFC12CFC1CFC12  C?2C1CFC1CC13  (7) 

From  the  fact  that  (7)  is  an  irreversible  rearrangement-  it  is  concluded 

that  (4)  (followed  by  (5)  and  (6))  must  be  operative  to  some  extent  since 

there  was  produced  initially  (1856)  CFC1?CFC1CFC1  which  can  only  anse 

in  this  manner.  An  attempt  to  detect  the  CFC12  cation  using  F  NMR 

by  scanning  a  mixture  of  AlCl^  and  CFCl^  at  both  high  and  low  yields 

was  unsuccessful.  However,  this  is  not  proof  of  the  absence  of  this  ion. 

Reactions  of  CFCl^  and  CHFC12  with  various  other  fluorob'lefins 

were  carried  out  and  the  results  are  shewn  in  Tables  I,  II  and  III. 

The  addition  of  CFCl^  to  CF2=CC12  yielded  C^Cl^F^  in  5316  yield, 

with  small  amounts  of  C_C1^F_. 

3  o  2 

The  reaction  of  CFCl^  with  CF2=CFCi  has  been  reported  to  give 

CFC12<3!'2CFC12  and  ^Cl^F^  .  We  have  fourid  that  this  reaction 

gives  a  72$  yield  of  C^Cl^F^  with  a  small  amount  of  C^Cl^F^.  NMR 

spectroscopy  has  shown  that  the  former  contains  CF^CFCICCI^  (51$)  and 

CF2C1CF2CC13  (3756).  Treatment  of  this  mixture  with  zinc  dust  in  ethanol 

gave  only  the  reduction  product,  C^HCl^F^,  which  contained  CF2C1CF2CHC12 

(73$).  With  dioxane  as  a  solvent,  a  small  amount  of  olefin  CLCi^F,  was 

3  2  4 

produced  but  the  C^Cl^F^  was  chiefly  un reacted .  When  acid-vished  zinc 
in  dioxane  was  used,  both  products  CF^CF^CCl^  and  CF2C1-CF2CHCI2  were 
formed. 


The  addition  of  CFCl^  to  CF2=CFBr  was  shown  to  give  CF^CFBrCCl^ 

(5656)  and  CF2BrCF2CCl3  (44$)  in  5  hours.  In  an  effort  to  determine 
the  effect  of  the  reaction  time  on  possible  isomerization  of  these  isomers, 
another  run  was  made  (70  hours)  and  the  product  consisted  of  these  isomers 
in  5716  and  43$,  respectively.  It  was  concluded  that  in  this  case  essen¬ 
tially  no  further  change  in  the  isomer  distribution  occurred  in  the 


presence  of  AlCi^.  Hence,  it  appears  that  each  reaction  must,  be  con¬ 
sidered  separately  as  the  mechanism  apparently  differs  with  the  olefin 


used. 
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TABLE  III 


REACTION  OF  ALKANE  AND  OLEFIN  IN  THE  PRESENCE  OF  A1CL. 

-J 


Alkane 

Olefin 

Products 

CFCI3 

CFo-CF 

I  2  1 

CF2-CF 

CFCl-CCl  CF?-CCI  .  CCi7-CC] 

1  |  or  ,  2  |  and  (  ?■  i} 

CFCl-CCl  cci2-cci  cci2-cci 

None 

• 

CF--CC1  CF^-CCl 

I  II  and  |^| 

cf2-cf  cf0-cc: 

CFCl^ 

CF3CF---CFCF3 

CF^CF-  CCICF^  and  CF^CCl^CClCFCl, 

cfci3 

cf„cf=cf2 

CF^CF^CFCl  and  CF^CF^CC^ 

None 

CC1-CFV 

1  l/CF2 

CC1-CF2 

Cyclo-C5C-xFg_x,  x  =  3r^.5,6 

CFCl^ 

m 

"  x  =  4,6,3 

STRUCTURES  OF  CYCL0-C,C1  FQ 

j  X  0— X 

11 

K 

CF„CC1=CC1CF-CFC1 

1  ^  | 

and  CF  CCi=C'JlCFCICF  ca.  50:50 

i  ^  1 

x  =  4 

CF0CC1-CC1CF^CC1„ 

1  2  2f  2 

and  CF  CC1=CC1CC:„CF„  22:73 

j  2  2  1  2 

x  =  6 

CCl0CCl=CClCCI_CF„ 

L-i _ - 

X 

n 

00 

CC1-CC1=CC1CC1„CC1_ 

1  -  ^  1  ~ 
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An  attempt  was  made  to  study  the  effect  of  fluoride  ion  on  this 
type  of  reaction  by  conducting  the  addition  of  CFCl^  to  CFC1=CFC1  with 
AlCl^  in  the  presence  of  potassium  fluoride.  However,  the  potassium 
fluoride  appeared  to  interact  with  the  axumir.um  chloride  to  form  a  viscous 
gray  polymeric  mass,  slowly  soluble  in  water.  Only  C^Cl ^  was  formed. 

Since  it  was  difficult  to  obtain  pure  anhydrous  potassium  fluoride,  sodium 
fluoride  (0.190  mole)  was  used  in  a  series  of  three  runs  (see  Table  IV), 
each  having  0.313  mole  CFCly  0.203  mole  CFCi=CFCl  and  0.06?  mole  AlCly 
It  was  concluded  that  the  presence  cf  fluoride  ion  has  no  marked  effect 
on  the  preferential  production  cf  one  isomer,  as  only  a  3  _  difference 
was  noted.  It  can  also  be  seen  that  as  the  reaction  time  is  lengthened 

the  yield  of  replacement  product,  CLC1ZF. ,  increases. 

3  bi 

Attempts  to  extend  this  type  of  reaction  to  alkanes  other  than 
CFCl^  and  CHFC12  have  been  unsuccessful.  Instead,  rearrangement  or  re¬ 
placement  reactions  of  the  starting  alkane  occurred,  e.g.,  with  CC1  and 
CFC1=CFC1  the  product  mixture  contained  CC1=CC1„  (46 %)t  C  C1JF  (8t)  and 

C  ^  3  5  3 

w3u17F  •  rfhen  CBrCl^  was  treated  with  AlCl^,  it  dispropcrtionated 
to  give  CBr2Cl2  and  CCy  This  was  the  only  reaction  when  CBrCy  was 
treated  with  CFCl-CFCi  and  AlCl^.  Benzctri chloride  and  CFC1=CFC1  gave  no 
reaction  at  all. 

•rben  ^2^2  was  treated  with  O  Ci~CFCi,  no  desired  adduct  was 
formed.  The  only  materials  present  were  CCi  ,  CCI  =CC1  a-d  C  Cl  F 

4  c  2  J  5  3" 

As  with  all  the  reactions  involving  CFCy  carbon  tetrachloride  is  always 
a  by-product .  Consequently,  the  formation  cf  the  higher  boiling  materials, 
in  addition  to  the  expected  adduct,  car.  occur  either  by  addition  cf  CCI 
to  the  olefin  or  by  replacement  of  a  fluorine  of  the  adduct  by  a  chlorine 
from  the  aluminum  chloride. 

The  reactic*.  of  — 2^2  ari£*  CF-^CFCo  took  place  very  slowly  to  give  none  of 
the  expected  adduct,  but  instead  gave  chiefly  C_Ci,  F.  .  Treatment  of  this 
material  with  zi.-.c  dust  in  dioxar.e  gave  chiefly  unreacted  starting 
material  plus  some  olefin,  Cyi^,  arid  reduction  product  CHCl^F^. 

This  study  was  also  extended  U  the  investigation  cf  the  addition 


0 


i 


of  pclyha] ogenated  ethanes  to  fluorcclefUs.  For  example,  CF2DrCFClBr 
and  CF^CICFCI^  were  both  treated  with  CFC1=CFC1  and  aluminum  chloride. 

In  neither  case  was  any  addition  observed;  instead,  the  ethanes  either 
rearranged  or  reacted  with  the  aluminum  chloride.  With  CF^BrCFClBr,  the 

chief  product  was  CFClBrCFClBr  along  with  CLCi, .  When  CF_BrCFCiBr  was 

2  2 

treated  with  AICl^  only,  a  product  having  the  same  formula  as  the  starting 
material  was  obtained  but  its  physical  properties  were  different.  This 
result  is  supported  by  the  work  of  Nadai  and  Mueller  and  this  com¬ 

pound  has  tentatively  been  assigned  the  structure  CF^CB^Cl.  However,  no 
data  could  be  found  for  the  other  possibility,  CF^ClCFBr^. 

A  repeat  of  the  attemp.ed  addition  of  CF^CiCFCU  to  CFC1=CFC1  was 

c.  < 

run  to  check  the  possibility  of  alkane  rearrangement.  Previous  workers^ 
have  shewn  that  CF  C1CFC1  readily  rearranges  to  CF„ CG1„  or  under- 

.  '  ->3 

;oes  replacement  reactions,  but  the^e  were  all  dene  at  reflux  temperature 
'h7°).  Under  carefully  ccntrclled  temperature  conditions  (24  -  7°),  * 

was  found  that  neither  addition  nor  rearrangement  (as  determined  by  HMR) 
occurred.  A  very  small  amount  cf  CF^iCCi,  was  obtained. 

Attempted  reaction  of  CFCi^  with  olefins,  ether  than  halogenated 
ethyienes,  in  the  presence  of  AiCl^  also  met  witb  little  success.  With 
perfluoropropene,  perf iu.crobutene-2,  and  perflaoro cyclobutene,  nc  adducts 
were  formed  (see  Tables  II  and  III).  A  v’igh  boiling  product  from  the 
latter  reaction  was  shown,  to  be  a  mixture  of  hexachlombutadiene-1,3  and 
hexachlcrccyclcbuter.e .  The  indication  was  that  t'.ie  cyclcbutene  rearranged 
“O  bhe  butadiene  on  distillation  .  When  pcrfluorccyclcbutene  alone 
was  treated  with  AiCi^,  the  main  product  was  1,2-dichlcroperfiuorDcyclo- 
butene  with  a  little  cf  the  mcncchicro-ccrapeund.  Thus,  aluminum  chloride 
catalyzed  addition  reaction  seems  to  occur  only  with  halo-ethylenes . 

C*  E±  e-Radicai  Initiated  Addition  of  Halcalkar.es  to  Unsaturated 
Compounds 

A  number  of  workers  ^  ^  have  reported  the  addition  of  various 
haloaikanes  oo  unsaturated  compounds  in  the  presence  of  peroxides,  or 

ultraviolet  light.  Tarrant  and  cc-wcrkers  synthesized  a.  number 
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(3  16  1?) 

of  haloalkanes  in  this  manner  *  ’  '  and  converted  these  addition  products 

into  various  unsaturated  compounds  by  treating  them  with  base,  with  zinc, 
or  both.  It  was  decided  to  further  explore  the  addition  of  various  halo¬ 
alkanes  to  olefins  under  free-radical  conditions  with  a  view  to  preparing 
unsaturated  compounds  from  their  addition  products  through  simple  reactions 
like  dehalogenation  and  dehydrohalogenation. 

Reactions  of  this  type  are  believed  to  follow  the  mechanism  pro- 

1 181 

posed  by  Kharasch  as  shown  below  '  ,  using  bromotrichloromethar.e  as 

perhaloalkane  and  a  peroxide  as  the  initiator. 


t 


0 

I 


A 


R-C-O-O-C-R 
R.  + 

+  RCH=CHv 


R« 


CCl^Br 


-»  RBr 


+ 

+ 


RCOO: 

.ecu 


CO, 


C13C. 


-»  CC13CH2CHR 


CC13CH2CHR 


CCl^Br 


-*•  CCl^CH^CHRBr 


Higher  molecular  weight  products  may  be  formed  as  follows: 


CC1. 


CC13CH2CHR 


CH  =CHR  - »  CC1-CHCHRCHCHR 

>  2  |  2 


CCl3(CH2CHP)nCH?CHR 


|  CCl3«r 


CCl3(CH2CHR)nCH2CHRBr 


nCH2=CHR 


CCU 


1 .  Reaction  of  Haloalkanes  with  Fthylene  in  the  Presence  of  Benzoyl 
Peroxide  (See  Table  V) 
a.  CFClBrCFClBr  '• 

It  was  hoped  that  CFClBrCFClBr  would  add  to  ethylene  to  give  the 
2:1  adduct,  CH2BrCH2OFClCFClCH?CH2br,  which  cculd  easily  be  converted  to 
the  1,3,5-triene,  CH2=CHCF=CF-CH=CH2,  by  successive  dehalogenation  and 
dehydrohalogenation.  However,  the  addition  occurred  mostly  in  one 
direction  to  give  a  30$  yield  of  the  1:1  adduct,  CFClBrCFCICH2CH2Br  with 
only  a  little  2:1  adduct.  The  1:1  adduct  was  converted  into 


BENZOYL  PEROXIDE  INITIATED  ADDITION  OF  HALOALKANES  TO  ETHYLENE 


Ethylene  (O.58)  CF-ICF-I  (1.0)  12  Only  starting  materials  recovered 


TABLE  V  (continued) 

BENZOYL  PEROXIDE  INITIATED  ADDITION  OF  HALOALKANES  TO 


CFCl=CFCh'2CH23r  and  CFX31BrCFClCH=CH;)  by  dehalogenation  and  dehydrohalo¬ 
genation,  respectively.  Dehydrohalogenation  of  CFCi=CFCH2CH23r  afforded 
the  diene,  CH,=CH-CF=CFC1,  which  polymerized  at  room  temperature  but  could 
be  stored  at  liquid  nitrogen  temperature  with  little  or  no  polymerization. 
In  the  initial  reaction  of  CFClBrCFClBr  with  ethylene,  a  major  product 
(20%)  was  CFC1=CFC1  via  debromination  of  the  starting  halide, 
b.  CF-jCFBrCFBrCF^ 

Debromination  of  starting  halide  was  also  observed  when  addition 
of  CF^CFBrCFBrCF^  to  ethylene  was  attempted.  This  dibromide  gave  no  re¬ 
action  with  ethylene  in  the  presence  of  a  0.01  molar  proportion  of  oen- 
zoyl  peroxide.  When  the  proportion  of  the  latter  was  increased  to  greater 
than  0.0k  molar,  perfluorobutene-2  and  CH_Br0HoBr  were  isolated  in  29% 

C  «- 

and  21%  yields,  respectively. 


c .  CF^CFBrCClBrCF^ 

Bromination  of  CF^CF=CC1CF^  afforded  CF^CFBrCCiBrCF^  which  gave 
no  1:1  adduct  in  the  attempted  addition  to  ethylene  under  the  usual  con¬ 
ditions.  A  considerable  amount  of  debromination  occurred  similai  to  that 
observed  in  the  above  two  cases  (CFClBrCFClBr  and  CF^CFBrCFBrCF^) .  It 
appears  that  the  radicals  CFCIBrCFCl,  CF^CFBrCFCF.^  and  CF^CFBrCClCF^  3r® 


sterically  hindered  and  that  they  decay  very  quickly  into  olefin  and 

bromine  atom.  Although  CFC1=CFC1  can  be  easily  brominated  without  uv 

light,  C1?^CF=CFCF^  and  CF^CF=CC1CF^  brominate  only  in  the  preser.  _e  of  uv 

light  and  bromination  of  CF_CCi=CCiCF  is  still  more  difficult.  Tarrant 
(19)  j 

et.al.  have  reportec^ elimination  by  radical  decay  in  the  addition  of 

CCl^Br  to  CF2BrCFClCH=CH?  to  produce  an  olefin: 


CF2BrCFClCHCH2CCi3 - *  CF2BrCF=CHCH2CCl3  +  Cl* 

Addition  of  CF.  BrCF.Br  to  ethvlene  gave  a  1:1  adduct 
2 

(CF2BrCF2CH2CH2Br)  in  30%  yield  =od  smaller  amounts  of  higher  boiling 
products.  These  included  the  2:1  adduct  CFgBrCF^CH^^CI^Br.  Attempted 
dehydrohalogenation  of  this  ?:1  adduct  using  potassium  hydroxide  in  ethanol 
gave  a  poor  yield  of  the  expected  '‘’ef'in,  CF^BrCF?(CK2 )2CH=CH?,  and  a  good 


yield  cf  ether,  CF,BrCF„(CH, )  CH^OCH  CH  ,  produced  by  nucleophilic  sub- 
stituticr.  cf  terminal  br.mire.  The  1:1  adduct  was  dehydxvhalogenated  to 
yield  CF^BrCF^ObCH., . 

Ethylene  was  bubbled  through  CF^ICF^I  and  benzoyl  peroxide  at 
100°,  but  r.c  higher  boiling  product  was  detected.  An.  attempted  reaction 
cf  the  same  mixture  at  100''  in  an  autoclave  gave  less  than  1$  of  higher 
boiling  material.  An  autoclave  reaction  at  220"  gave  a  polymeric  solid 
which  gave  r.c  liquid  product  on  attempted  dehydrchalogenation.  This  is 
in  contrast  to  the  report  that  ethylene  ar.d  CF_ICF_I  in  the  preseroe  of 

■'  O'  £  C  / "  r, 

ber.zoylpercxide  at  220"  gave  CF^ICF,  CH,CH„I  ir.  80$  yield  v 

Reaction  cf  CF0CFBrCF„Br  with  etnyler.e  gave  a  51$  yield  cf  1:1 

j  ' 

adduct  which  was  identified  as  CH,BrCH„CF( CF_ )CF.Br. 

£.  C  3  ^ 

Ber.zctr  j.  chic  ride,  1, 2  -dibrcnchexafluc  recycle  butane,  CF2BrCHFBr 
CFCl^CFCl^  and  CFCl^CF^Cl  failed  to  react  with  ethylene  under  the  ex¬ 
perimental  conditions  employed. 

The  addition  of  CC1  CF„CF„Br  to  ethylene  was  carried  out  to 
compare  the  reactivities  of  the  end  groups  -  CCl^  ar.d  -  CF2Br  towards 
radical  abstraction  cf  chlorine  and  bromine.  It  was  found  that  the 
addition  cf  CCi^CF^CF^Br  to  ethylene  gave  four  main  products, 
CCl^CF2CF2CH2CH2Cl,  CF2BrCF2CCl2CH2CH2Ci  (r.ct  positively  identified  -  see 
below),  CC1,CF2CF2CH2CH  Br,  and  CF^rCF^C^CH^Br  ir.  7,  l.>»  40  and  9$ 
yields,  respectively. 

The  second  product,  which  could  r.ct  be  isolated,  had  a  v.p.c. 
retention  time  between  those  cf  CCi  CF  CF  CH  CH  Cl  and  CC1  CF  CF  CH  CH  Br 

J  ^  ~  4  j  4  4.  4  k 

which  suggested  that,  this  product  could  be  CF2BrCF2CCl2CH2CH2Ci . 

The  following  mechanism  could  explain  the  formation  cf  these 
products: 


0  0 

I  I 

wH  cC-0-G-CCzH  r  • 
o  5  6  5 


C6H5C°2 


R  =  C6H5 


0 


R*  +  CCl3CF2CF2Br  ^ 


RC1  +  CF2BrCF2CCl2 

RBr  +  CC13CF2CF2 


CF2BrCF2CCl?  +  CH2=CH2  — *2->  CFgBrCF^Cl^CH., 

« 

CC13CF2CF,  +  CH2=CH2  ”2— >  CC13CF2CF2CH2CH2 


CF2C¥2Cll2CHZ  +  C013CF2CF2Br  ^ 


CC1  CF  CH  CH  Cl  +  CF0BrCF  CC1„ 

3  2  2  2  vil  2  2  .  (5) 

CCl3CF2CF2CH2CH2Br  +  CCl^CF,, 


CF  BrCF  CC1_CH0CH_C1  +  CF0BrCF,CCl0 

•  2  2  2  2  2  2  2  2 

CF2BrCF2CCl2CH2CH2  +  CC^CF^Br  IX  (6) 

^*CF2BrCF2CCl2CH2CH2Br  +  CC13CF2CF2 


It  is  reasonable  to  make  the  following  approximations: 

•  •  i 

(a)  =  k3  =  =  k  and  k^  =  k3  =  k^  =  k 

(b)  k2  =  k2 

If  the  above  approximations  are  made,  then  the  rate  of  formation  of  products 

VII  and  VIII  will  be  proportional  to  the  concentration  of  radical, 

* 

CCl^CF^CF^Cti^CH^ .  Similarly,  the  rate  of  formation  of  products  IX  and  X 
will  be  proportional  to  the  concentration  of  radical,  CF^BtCF^CCI^CU^CH^ . 

The  relative  reactivities  of  -CCl3  and  -CF2Br  end  groups  towards  radical 
abstraction  of  chlorine  and  bromine  will  be  the  ratio  of  amount  of  pro¬ 
duct  VII  formed  to  the  amount  of  product  VIII  formed,  or  the  amount  of 
product  IX  formed  to  the  amount  of  product  X  formed.  From  these  studies 
it  appears  that  -CF2Br  end  group  is  at  least  six  times  more  reactive  than 
-CCl^  end  group  for  radical  abstraction  of  bromine  and  chlorine,  i arrant 
and  Gillman  obtained  only  CF2BrCFClCH2CHBrCH3  in  the  addition  cf 
CF2BrCFClBr  to  propylene  in  the  presence  cf  benzoyl  peroxide  and  none  of 
the  other  isomer,  CFClBrCF2CH2CHBrCH3  was  obtained.  The  qualitative 
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reactivities  cf  -C Ziy  -CF^Br,  and  -CFCiBr  towards  radical  abstraction  of 
chlcrine  and  bromine  were  found  to  be  in  the  order  -CFCiBr ^ -CF^Br^-CCl^ 
in  compounds  CCl^CF^CFClBr  and  CCl^CF^CF^Br. 

2.  Free -Radi cal  Initiated  Addition  to  Allyl  Compounds  (See  Table  VI) 

a.  Ally!  Chloride 

The  addition  of  CF^CFBrCF^Br  and  CF0ICR,I  to  allyl  chloride  in  the 
presence  of  benzoyl  peroxide  gave  no  highei  boiling  products.  Similar 
results  were  also,  obtained  when  CF^CF^Ci^  and  CF^CiCF^CCl^  were  allowed 
to  react  with  the  same  halide.  In  contrast,  ally!  chloride  produced 
CC1-CH  CHBrCH  Cl  and  CF  BrCFClCH\CHBrCH  Cl  on  reaction,  under  free-radical 

j  C  C  £  c.  c. 

conaitions  with  CCl^Br  ana  CF^BrCFClBr,  respectively. 

b.  Allyl  ethyl  ether 

Attempted  addition  of  CF^CFBrCFClBr  and  SF^BrCF^Br  to  allyl  ethyl 
ether  in  the  presence  cf  peroxide  was  unsuccessful.  This  is  in  contrast 


to  the  reported 


reaction  of  CCl^Br  and  CF^BrCFClBr  with  the  unsaturated 


ether  under  free-radical  conditions  to  produce  CC1„CH  CHBrCH  OC'rLOL  and 

J  2  *  2  3 

CF„BrCFCiCH  CHBrCH„OC_h'  ,  respectively. 

•i  2  ^  2  y 

c.  Diallyl  Ether 

Tr.e  addition  cf  haloalkan.es  to  some  vinyl  and  allyl  ethers  has 
beer,  investigated  and  some  ur.saturated  flucrcethers  have  been  obtained  by 
dehalcgenatitr.  cf  the  adducts  ^°»22\  Friedlander  reported  ^23»2^  that 
treatment  of  the  naloaikane  with  diallyl  ether  under  free-radical  con¬ 
ditions  gave  a  six-membered  cyclic  product,  i.e.,  a  substituted  tetra- 
hydrcfurar..  Bromotrichiorome thane  was  used  as  a  halcaikane,  but  the  use 
cf  a  fluorine  compound  has  not  beer,  reported.  Attempts  were  made  to  pre¬ 
pare  linear  flucrcethers  as  fellows: 


(CK2=CHCH2)20  +  CF2brCFCiBr 
(CH2=CKCH2)20  +  CF23r2  - 


(CF?BrCFClCH2CHBrCH2 ),0 


(CF2BrCH2Ch’BrCH2)20 


Though  the  reactions  were  carried  out  using  large  excess  of  the  haioalkanes 
to  diallyl  ether  to  prevent  cyclizatier.  instead  cf  using  equi-molar  amounts 
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1.4323  (Anal.  Calcd.  for  CrH-Br-CIF, 
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TABLE  VI  (continued) 

BENZOYL  PEROXIDE  INITIATED  ADDITION  OF  HALOALXANES  TO  OTHER  UN SATURATED  COMPOUNDS 

(lit.(26)  112  -  3°,  n?5  1.4895) 
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(0.30) 


i'WJip 


as  reported  v  '  the  adducts  were  saturated  one-to-one  addition  products, 
Infrared  and  NMR  spectroscopy  showed  no  unsaturation.  It  is  proposed 
that  the  reactions  foxlow  a  mechanism  similar  to  that  proposed  by 
Frledlander 

(CH=CHCH_)o0  +  CF  BrCFCIBr  — #■— »  CFoBrCFClCH.CHBrCH»0CH_CH=CH„ 

C  C  C  4  C  c  c  4 


CF2BrCFClCH2CHBrCH2OCH2CH=CH2 


HCH„CFClCF_Br 


Similar  mechanisms  are  postulated  for  the  formation  of 


o 


CH2CF2Br  and  Br 


o 


CH2CFHCF2Br 


The  adducts  were  highly  viscous,  slightly  yellow  liquids.  CF^CFBrCF^r 
and  CFCIBrCFCIBr  gave  only  small  amounts  of  tar  after  two  days  reaction. 

The  order  of  reactivity  of  haloalkane  to  diallyl  ether  was  as 
follows:  CF5BrCFClBr>CF2Br2>CF2BrCHFBr»  CF^CFBrCF^r,  CFCIBrCFCIBr. 
Dehalogenaticns  were  carried  out  by  the  usual  method.  The  dehalogenated 
product  from  XI  had  a  strong  infrared  absorption  at  which  is 

characteristic  of  the  CF2=CF-  group. 

Elemental  analysis  and  MR^  were  consistent  with  the  proposed 
structure,  Br-^^-CH> CF=CI^  .  Dehalogenation  of  XII  failed  because  of 
polymerization  during  the  distillation. 

Attempts  to  react  XI  with  LiAlH^  ir.  ether  at  0°,  room  temperature, 
and  35°,  showed  a  slow  reaction  in  the  latter  case  only.  A  rapid  reaction 
occurred  using  tetrahydrofuran  as  solvent  and  two  main  products  were  se¬ 
parated  by  v.p.c.  One  product  was  identical  to  the  dehalogenation  product 

of  XI.  The  other  showed  strong  infrared  absolution  at  5*50h  and  MP^. 
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and  the  elemental  analysis  was  consistent  with  the  structure 
<^^-ClIpCF-CF? .  Since  the  attempts  at  a  direct  synthesis  of  the  linear 
ethers  failed,  another  route  was  attempted: 


(CHp=CHCH? )^0 


Cl, 


ch;;cichcich?och?ch=ch2 


CF2=CFCH?CHHrC!!2OCH2CH-Cii2 
I  CF^BrCFClBr 


|  CF?BrCFClBr 

CF^BrCFCiCH^CHBrCH^OCH  CHC1CH2C1 


CF_=CFCH  CHBrCH  CCH-CHErCH  CFClCF^Br  ^ — ►  (CF  =CFCH  HHBrCHj  0 

2  2  2  ■  2  -■  "  2  2.22 

* — *  LiAlH, 


(CF2=CFCH2CH2CH?)20 


The  chlorine  addition  to  diallyl  ether  was  carried  out  as  reported.  Best 
results  were  obtained  when  the  reaction  was  carried  out  at  temperatures 

Q 

between  3”  and  7  . 

Addition  of'  CF23rCFClBr  to  CK2C1CHC1CH20CH2CH=CH2  was  carried  out 
using  a  larger  ratio  of  CF2BrCFClBr  tc  ether.  The  adduct  was  dehalogenated 
with  zinc  and  ethanol.  Two  main  liquid  products  were  separated  by  v.p.c. 
One  component  was  identified  as  CH2C1CHC1CH20H,  and  the  other  gave  an 
elemental  analysis,  infrared  spectrum  and  MR^  consistent  with 
CF2=CFCH2CHBrCH2OCH2CHClCH2Cl . 

3  •  Benzoyl  Peroxide  Initiated  Addition  of  Haloalkar.es  to  Other 
Olefins 

The  reaction  of  CF^BrCFClBr  with  CH2=CHCFClCF2Br  was  studied  under 
free-radical  conditions;  both  benzoyl  and  acetyl  peroxide  gave  the  same 
major  product,  CF  BrCFClCH  CH=CFCF-Br  in  agreement  with  the  recent  work 

2  Qcj)  * 

of  Muramatsu  and  Tarrant  '  .  This  compound  was  treated  with  zinc  dust 
to  give  a  complex  mixture.  Treatment  of  this  unresolved  mixture  with  an 
excess  of  aqueous  potassium  hydroxide  gave  a  dark  brown  solid  as  the  only 
product.  It  was  hoped  tc  effect  1, 4-elimination  of  HBr  to  give  the  triaie, 

CF2=CFCH2CH=CFCF?Br  — CF2=CFCH=CH-CF=CF2 . 

Treatment  of  acrylonitrile  with  C- .BrCFCIBr  in  the  presence  of 


-  27  - 


benzoyl  peroxide  in  various  ratios  gave  only  a  white  polymer-  and  v.p.c. 
did  not  show  any  simple  adducts. 

Reaction  of  CCl^Br  and  CEr^  with  triethyl-*trifluorovinyl  silane, 
under  the  influence  of  benzoyl  peroxide,  has  been  reported  to  give 
(CgH^J^SiCFBrCFgCCl^tBr^) .  No  adduct  was  detected  from  the  attempt  to 
react  CF^BrCFClBr  and  (CH^)^SiCF=CF5  under  similar  conditions. 

The  attempt  to  make  l-trichloromethyl-2-bromohexafluorocyclo- 
butane  by  the  addition  of  CCl^Br  to  hexafluorocyclobutene  in  the  presence  of 
benzoyl  peroxide  failed. 

Additions  to  -butadiene  of  1,2-dibromohexafluorocyclobutane 
and  iodotrifluoromethane  were  attempted  under  free-radical  conditions. 

In  the  former  reaction  no  high-boiling  products  were  formed,  and  in  the 
latter  reaction  a  polymeric  solid,  iodine,  and  a  low  boiling  gas  only 
were  detected. 

Reaction  of  both  CF„CF0CC10  and  CF„BrCF_Br  with  CF  =CFC1  in  the 

J  2  3  2  2  2 

presence  of  benzoyl  peroxide  produced  white  polymers  only. 

Reaction  of  CF^ClCF^CCl^  with  isobutylene,  in  the  presence  cf 
peroxide,  gave  CF^CICF^CCI^CH^CICE^^CI.  This  product  dehydrohalogenated 
very  easily  on  distillation  to  give  either  CF^CICF^CC^CH^CCCH^)^  or 
CF9C1CF2CC12CH2C(CH^)=CH2.  Treatment  with  alcoholic  potassium  hydroxide, 
the  addition  product  gave  a  number  of  compounds  including 
CF  C1CF  CC1  CH  -C(  CH  )=CH  ,  CF0C1CF  CC1=CHC ( CH  )=CH  ,  CF  C1CF  CC>C=C(  CH  ) 
and  CF^ICF^C-CCCH^Ch".  3  2  2  2  3  2 

Vinyl  iodide  and  tetrafluoroethylene  were  exposed  to  sunlight  for 
some  time  but  most  of  the  tetrafluoroethylene  was  recovered.  The  only 
other  product  isolated  was  a  very  high-boiling  viscous  mixture.  No  1:1 
adduct  was  formea. 

Aliyl  iodide  was  allowed  to  react  with  tetrafluoroethylene  in  uhe 
presence  of  benzoyl  peroxide  to  yield  four  products  which  have  been 
identified  as  CH^CHICH^,  Cti^CHCF^CF^F^j  CF2ICF2I  and  suspected 
CHn=CHCH2CF2CF2CH2CH=CK2.  The  yield  of  1:1  adduct  was  increased  from 
20%  to  40%  when  reaction  time  was  halved. 
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I- .  Mor,-mer  Synthesis  for  Contract  Associates 

1.  The  following  silanes  have  beer,  prepared  and  sent  tc  F.  M.  C. 
for  evaluation:  trimethyl-( trifiuorovir.yi)  silane,  CF^=CF5i(CH^)^;  (3,4,4- 
triflucrc-3-buteryl )-trimethy!silane;  CF?=CFCH?CH?Si  (CH^)^;  l,3-di(3,4,4- 
triflucrc- 3-butenyl)-i,l,3,3-tetramei.nyidisiioxane;  (CF^CFO^CH^ifCH^)-, )^0. 

2 .  Preparation  of  Octafluoroacetopher.cr.e 

Octafluorcacetcpher.cne  has  been  prepared  by  the  action  of  per.ta- 
fluorophenylmagr.esium  bromide  or.  lithium  trifiuorcacetate  a"  described  in 
the  literature  .  Attempts  tc  prepare  this  ketone  by  alternative  routes 
have  beer,  made  without  success.  The  first  attempt  involved  the  action  of 
pentafiucrcpher.ylmagr.esium  brcmxde  or.  tnflucroacetic  anhydride.  The 
second  was  ar.  attempt  to  apply  the  Friedel-Craft  reaction  tc  fluoroaromatics 
by  reacting  pentaf lucre benzene  with  tri flue react tyi  chloride  using  tetra- 
chloroetnar.e  as  solvent  in  the  presence  cf  aluminum  chloride. 

3*  Preparation  cf  Octafiucrcstyre.ne 

Octaflucrostyrer.e  has  beer,  prepared  by  a  method  outlined  by  Antor.ucci 
(32) 

and  Wall  J  ' .  This  method  involves  the  following  stages: 

CF2C1C00H  — CF  CICOOLi  -^^4— ►  CF  C1CK0 

CF,CiCHOHC,Fc  — -4-*  C,FcCHFCF_Cl  ,  Mo  iter.  KOH^  C,FcCF=CF^ 

2  65  6  5  2  652 

Without  doubt  the  most  difficult  stage  is  the  preparation  of  chiorodi- 
fluorcacetaidehyde  as  thio  material  is  very  pr-ne  to  polymerize.  The  re¬ 
maining  three  stages  ca^  be  accomplished  very  easily  and  in  high  y^eld. 

This  reaction  with  the  Grigr.ard  goes  ir.  70  -  80%  yield  ar.d  the  reaction 
with  SF^  which  may  be  carried  cut  or,  the  crude  alcohol  is  quantitative 
at  80c.  The  reaction  cf  the  ethylbenzene  sc  fc  -  d  with  molten  KOH  de¬ 
pends  critically  on  the  temperature  and  contact  time.  It  was  found  that 
at  170°  and  with  a  fast  addition  rate  tc  the  molten  KOH,  followed  by 
immediate  removal  ir.  a  nitrogen  strein,  a  64%  conversion  was  obtained. 

The  cctafluorostyrene  was  easily  separated  from  starting  material  and  minor 
products  by  preparative  v.p.c.,  altnough  fractional  distillation  would 

probably  be  more  effective  on  a  scale  larger  tnan  20  g. 
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4,  The  Preparation  of  1.1.2-TrifIuoroheyene 

The  reactions  of  several  organic  lithium  compounds  with  fluorcolefms 

(34) 

have  been  reported  in  the  literature  ^  .  Applying  the  same  general  tech¬ 
nique,  butyl  lithium  was  allowed  to  react  with  tetrafluoro-ethylene  at 
low  temperature  to  give  the  desired  product,  1,1,2-trifluorohexene-l, 
b.p.  70  -  71°  (lit.  b.p.  70°),  in  64%  yield.  A  small  amount  (<5%) 

of  high-boiling  product  was  also  observed.  This  was  probably  5,6-difluoro- 
decene-5. 

5.  Preparation  of  Ally Ibis ( tri f luo  rome  thyl ) carbino 1 
Allylbis(trifluoromethyl)carbinol  was  prepared  by  a  modification 

of  the  method  reported  by  Gambaryan  .  Hexafluoroacetone  was  heated 

with  excess  propene  in  an  autoclave  to  150°  for  12  hours.  The  carbir.ol, 
b.p.  95  -  96°  (lit..  b.p.  95  -  8°)  was  produced  in  quantitative  yield 

(based  on  hexafluoroacetone). 


jF3 

]  O  Vs  **c  i 

CH3CH=CH2  +  (CF3)2CO 

CF 


100% 


E.  Aromatic  Substitutions 

1 .  Attempted  Formation  of  a  Radical  from  CF^BrCFCIBr  and  Its 
Reaction  m  situ  with  Aromatic  Compounds 
a.  Ultraviolet  Irradiation  Initiation  of  CF^BrCFCIBr 
Previously  CF  BrCFCIBr  had  been  reacted  with  benzoyl  peroxide  to 
give  one  of  t  j  adducts  p-CF^rCFClC^F^COOH  .  It  would  seem  that  the 
relevant  reactions  in  its  formation  are: 
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Rad.  +  CF^BrCFClBr 


C,H,COO*  +  CF  BrCFC: 
6  5  2 


BZ2°2 


CF  BrCFCl*  +  Rad.Br 


CF^BrCFCiC.H,  COO*  +  H' 
2  0  4-^  --- 


CF^BrCFClC^H  COOH- 

4  o  4 


In  the  present  investigation  it  was  proposed  tc  react  the  halo- 

alkane  radical  formed,  in  situ  vitn  a  hydro ger.-cor.tainir.g  aromatic  compound, 

from  which,  hydrogen  may  be  abstracted  and  a  substituted  alkyl  benzene 

formed.  Initially,  ultraviolet  light  was  used  as  the  radical  initiator 

to  decrease  tne  possible  number  of  products.  Trus  a  mixture  of  CF^BrCFClBr 

and  benzene  was  irradiated.  The  reaction  product  showed  no  nigh-boiling 

product  by  v.p.c.,  but  cr.  distillation  tc  remove  starting  materials 

followed  by  v.p.c.  separation,  bromcbenzer.e  and  suspected  Ch-H  CFC1CF  Br 
T  “  G  O  J  Z 

(infrared  and  “H  and  ~7F  NMR  spectra  were  consistent)  were  isolated  in 

0.2 5#  yield. 

In  an  attempt  tc  isolate  the  known  compound  p-CF^BrCFCiC^H^COOH, 
benzoic  acid  in  benzene  solution  ar.d  CF^BrCFClBr  were  irra-”ated  with 
ultraviolet  light.  There  was  r.c  apparent  reaction  and  benzoic  acid  was 
recovered  ir.  90%  yield. 

Reaction  of  brcmc benzene  with  a  haloalkane  radical  should  give  a 

useful  intermediate  compound  for  the  formation  of  a  monomer,  also  brorac- 

benzene  is  75%  mere  reactive  than  benzene  with  phenyl  radical-  from  benzoyl 

peroxide.  Therefore,  bromober.zer.e  and  CF^BrCFClBr,  at  an  elevated 

temperature,  were  irradiated  with  ultraviolet  light.  Again  there  was 

little  reaction  but  there  was  a  greater  percentage  conversion  tc  high- 

boiling  products  than  the  benzene  reaction.  The  high-boiling  products  on 

the  v.p.c.  showed  (mainly)  two  long  retained  overlapping  peaks  which  have 

net  been  separated  to  date.  There  was  a  possibility  of  abstraction  of  a 

bromine  atom  in  preference  to  a  hydrogen  atom  from  bremebenzene  but  no 

product  of  similar  v.p.c.  retention  time  to  suspected  C,Hr .CFCiCF„Br 

o  5  2 

was  present. 
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In  the  previous  reactions  there  was  a  large  evolution  of  hydrogen 
halide,  therefore,  in  case  the  acidic  gas  caused  any  inhibiting  action, 
basic  pyr.'dine  was  irradiated  with  CF2BrCFClBr.  The  product  of  this 
reaction  showed  Ro  indication  of  a  substituted  pyridine  and  only  starting 
materials  <-nd  a  black  residue  were  obtained. 

It  was  predicted  that  irradiation  of  pentafluoro benzene  would 
give  a  haio-ithyl pen  tafluo  roben  zene  which  on  dehalogenation  would  produce 
perfluorostyrene,  a  difficult  compound  to  prepare  by  other  routes.  It 
has  previously  been  shot*??  that  even  a  fluorine  atom  can  be  abstracted 
from  hexafluo roben zene  by  benzoyl  peroxide  J  but  ultraviolet  ir¬ 
radiation  of  pen  tafluo  roben  zene  with  C^BrCFClBr  gave  only  starting 
materials  in  good  yield  and  a  small  residual  tar. 

In  conjunction  with  the  ultraviolet  irradiation  reactions,  ben¬ 
zoic  acid  in  benzene  and  pen tar luo roben zene  have  been  mixed  with 
CF^BrCFClBr  and  have  been  exposed  to  sunlight.  The  latter  experiment  gave 
no  apparent  reaction  on  v.p.c.  examination.  The  former  experiment  is 
continuing. 

Hie  ultraviolet  irradiation  reactions  have  been  abandoned  as  the 
reaction,  even  where  some  product  is  isolated,  is  very  inefficient.  This 
must  be  due  to  lack  of  reactivity  of  the  radicals  produced  from  CF2BrCFClBr 
or  inefficiency  of  ultraviolet  light  in  producing  th^se  radicals. 

b.  Pyrolysis  Experiments  with  CF^BrCFClBr 

CF  BrCFCIBr  has  been  pyrolyzed  in  a  platinum  tube  at  5°0°  and  600° 

2  (37) 

and  the  products  isolated  .  The  proposed  initiation  mechanism  involves 
production  of  a  bromine  atom  and  a  haloalkane  radical.  The  same  experiment 
was  repeated  using  a  steel  pyrolysis  tube  and  it  was  found  that  maximum 
yield  and  conversion  was  obtained  at  400°.  At  lower  temperatures  there 
was  much  unchanged  starting  material  and  at  higher  temperatures  there  was 
decomposition  to  carbon.  Pyrolysis  using  a  steel  pyrolysis  tube  gave  a 
more  complex  mixture  than  that  using  a  platinum  tube. 

A  mixture  of  benzene  and  CF2BrCFClBr  was  pyrolyzed  at  various 
temperatures.  The  optimum  temperature  of  pyrolysis  appeared  to  be  400  - 


-  32  - 


500°  when  minor  products  of  longer  v.p.c.  retention  time  were  observed, 
but  there  was  no  product  of  retention  time  similar  to  suspected 
C^Hj-CFCiCF^Br  obtained  from  the  ultraviolet  irradiation  energized  reaction, 
""here  appeared  to  be  very  little  interraction  of  CF^BrCFClBr  and  benzene, 
as  benzene  was  the  only  major  product  in  experiments  at  all  temperatures. 

Pyrolysis  of  bromobenzene  and  CF^BrCFClBr  seemed  to  give  more 
high-boiling  products  at  a  furnace  temperature  of  5°0  than  at  lower 
temperatures,  although  there  was  a  decrease  in  the  weight  of  recovered 
material.  Three  nigh-boiling  components,  two  of  which  corresponded  by 
v.p.c.  to  the  products  isolated  from  the  ultra  violet  initiated  reaction, 
were  still  very  minor  products  and  bromobenzene  appeared  to  be  largely 
unchanged.  Similarly,  both  pentafluoro benzene  and  bromcpentafluorobenzene 
on  pyrolysis  with  CF^BrCFClBr  gave  only  traces  of  high-b>iling  products. 

A  preliminary  experiment  on  pyrolysis  of  CF^BrCFClBr  with  olefins 
using  a  mixture  of  olefins  showed  a  major  product  of  longer  v.p.c.  re¬ 
tention  time  than  starting  materials,  but  as  this  was  off  the  main  course 
of  investigation,  it  was  not  pursued. 

A  mixture  of  CF^BrCFClBr  and  bromine  was  pyrolyzed  in  an  effort 
to  obtain  more  CF^BrCFBr^  in  the  pyrolysis  product  than  that  obtained 
from  pyrolysis  of  CF^BrCFClBr  alone.  This  would  give  a  convenient  route 
to  the  preparation  of  the  monomer,  vinyl  bromide.  A  pyrolysis  of  the 
mixture  at  400°  gave  26%  yield  of  the  suspected  tribromotrifluo roe thane 
compared  to  8%  on  pyrolysis  of  CF^BrCFClBr  alone.  Also,  in  an  attempt 
to  prepare  vinyl  bromide,  a  mixture  of  bromine  and  CF2=CFC1  was  pyrolyzed, 
but  the  bromine  reacted  with  the  olefin  before  pyrolysis  occurred. 

There  was  no  detectable  reaction  between  benzene  and  CF„BrCFClBr 
when  heated  alone,  therefore,  an  experiment  was  carried  out  in  the 
presence  of  a  1/10  molar  proportion  of  benzoyl  peroxide  as  an  initiator. 

Two  high-boiling  products  were  detected  by  v.p.c.,  corresponding  to 
bromobenzene  and  suspected  CgH,.CFClCF2Br  (as  isolated  from  a  previous 
experiment).  They  formed  9%  and  5%  of  the  volatile  products,  respec¬ 
tively.  Non-volatile  products,  which  may  include  derivatives  of  benzoic 
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acid,  were  not  examined. 

2.  Attempted  Formation  of  a  Radical  from  CF^CICFCII  and  Its 
Reaction  in  situ  with  Aromatic  Nuclei 

Recently,  it  has  been  shown  that  trifluororaethyliodide  wil  react 

f-iQ) 

with  raonohalobenzenes  to  yield  trifluoromethylmonohalobenzenes  .  This 

work  has  been  adapted  in  an  attempt  to  produce  potential  difunctional 

monomers .  Benzene  was  reacted  with  CF2C1CFC1I  under  conditions  used  in 

reference,  but  there  was  considerable  decomposition  to  carbonaceous 

material  and  only  %  of  the  substituted  benzene  was  formed.  Under  milder 

conditions  the  amount  of  decomposition  decreased  and  the  yield  of  suspected 

C^H^CFCICF  Cl  increased  to  2k%.  CF2C1CFC1H  (6%  yield)  was  also  identified  (39). 

.  The  structure  of  C^HrCFClCF_  was  based  on  consistent  infrared, 

19  6  5  2 
and  F  MMR,  and  ultraviolet  spectra. 

It  seems  that  even  milder  conditions  for  the  reaction  above  may 
increase  the  yield  of  C^H^CFClCF^l,  but  there  is  an  optimum  as  an  ex¬ 
periment  in  which  benzene  and  CF2C1CFC1I  were  refluxed  for  140  hours  gave 
very  lit tie  reaction. 

As  benzoyl  peroxide  seems  to  assist  the  reaction  of  benzene  and 
CFgClCFClBr,  it  was  used  in  a  comparison  experiment  in  an  attempt  to  in¬ 
crease  the  yield  of  C^H^CPClCFgCl  from  benzene  and  CF2C1CFC1I.  A  blank 
experiment  i..  which  only  benzene  and  CF2C1CFC1I  were  heated  was  run  under  identical 
conditions.  The  former  experiment  shewed  an  1856  conversion  to  higher 
boiling  products  compared  to  the  conversion  in  the  latter  which  was  only 
2%.  The  higher  boiling  product  from  the  former  experiment  was  a  single 
peak  on  a  silicon  gum  packed  gas  chromatography  column  at  180" ,  but  on  the 
same  packing  at  100°  it  separated  into  two  peaks  in  the  ratio  of  18:82. 

The  minor  component  was  identified  as  iodobenzer.e  and  the  major  component 
was  identified  as  C^H^CFClCF^l  by  gas  chromatographic  retention  time. 

Therefore,  the  overall  conversion  to  C^H^CFCICF^CI  was  14. 8$  in  the  benzoyl 
peroxide  initiated  reaction,  but  in  the  blank  experiment  the  conversion 
to  C^H^CFClCFgCl  was  only  2$. 

A  different  approach  was  used  next  in  an  attempt  to  increase  the 


-  34  - 


yield  of  C.H.CFCICF^CI  from  benzene  and  CF„C1CFC1I.  Rather  than  use  a 

O  p  2  2 

free-radical  source  as  an  initiator,  the  reaction  was  carried  out  in  the 
presence  of  a  metal  which  would  easily  take  up  the  liberated  iodine  atoms 
(viz,  mercury  and  copper  dust).  A  blank  experiment  was  again  run  under 
identical  conditions  for  comparison.  The  blank  experiment  showed  a  2-3% 
conversion  to  C^H^CFCICF^CI,  whereas  the  experiment  in  the  presence  of 
mercury  showed  a  9 -3$  conversion  to  a  higher  boiling  product  corresponding 
to  C^H^CFCICF^CI.  The  experiment,  in  the  presence  of  electrolytic  copper 
dust,  could  not  be  compared  directly  as  the  organic  liquid  formed  a  slurry 
with  the  dust. 

Reaction  of  pentaflucrobenzene  with  CF^CICFCII,  which  would  give 
a  facile  preparation  of  perfiuorostyrene,  could  not  be  effected  by  heating 
alone.  In  a  preliminary  reaction  of  pentafluorobenzene  and  CF^C 1CFC1I, 
in  the  presence  of  benzoyl  peroxide,  there  was  a  6%  conversion  to  a  higher 
boiling  product.  Therefore,  three  comparison  reactions  were  set  up  under 
identical  conditions.  The  first  tube  (1)  contained  pentaflucrobenzene, 
CF^CICFCU  in  equimolar  proportions  and  O.b-25  molar  proportion  of  benzoyl 
peroxide.  The  second  tube  (2)  contained  pentafluorobenzene  and  CF2C1CFC1I 
in  equimolar  proportions  and  a  0.2  molar  proportion  of  benzoyl  peroxide. 

The  third  tube  (3)  contained  pentafluorobenzene  and  CF^BrCFClBr  in  equi¬ 
molar  proportions  and  0.2  molar  proportion  of  benzoyl  peroxide.  The  per¬ 
centages  of  high-boiling  products  from  gas  chromatographic  peak  areas  were 
(1)  Z7f>t  (2)  8%,  {3)  23%.  The  high-bciiing  product  was  isolated  from  (1) 
by  gas  chromatography  ana  was  shown  to  be  iodcbenzene  by  infrared  spec¬ 
troscopy-  The  major  high-bciling  product  from  (3)  had  the  same  gas 
chromatographic  retention  time  as  bromo benzene .  The  minor  product  of 
slightly  longer  retention  time  than  bromo’oenzene  was  in  insufficient 
quantity  for  identification.  Only  volatile  products  were  investigated. 

Although  dechlorination  of  C^H^CFClCF^l  will  only  yield  the  known 
«<»/»/-*rifluorcstyrene,  which  has  been  polymerized,  the  same  radical  re¬ 
action  may  be  effected  using  substituted  benzene  derivatives  and  CF^CiCFClI 
to  yield  monomers  through  which  cross-linking  is  possible.  Thus  bromo- 
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benzene  was  heated  with  CF^CICFCII .  The  product  of  long  intention  time 
ij  suspected  to  be  BrC^H^CFClCFgCl  (1 4%  yield).  It  was  of  interest  to 
note  that  in  addition  to  suspected  BrC^H^CFCiCFgCl,  a  product  whose  v.p.c. 
retention  time  corresponded  to  C^H^CFClCFgCl  was  present  in  the  ratio 
BrC^CFClCF2Cl:CgHjCFClCF2Cl::8:l.  This  ratio  was  reversed  by  effecting 
the  reaction  in  the  presence  of  copper  dust. 

Refluxing  bromobenzene  with  CF2C1CFC1I  at  a  liquid  temperature  of 
ca.  115°  gave  a  13%  conversion  (by  v.p.c.  peak  area)  to  suspected 
BrCgH^CFClCFgCl  after  90  hours.  This  indicates  that  the  ideal  temperature 
for  liberation  of  radicals  from  CE,  C1CFC1I  is  >115°  and  <165°. 

In  experiments  between  phenol  and  CF^CICFCII  and  nitrobenzene  and 
CF2C1CF2C1I,  a  poor  conversion  to  the  haloethyl  substituted  products  was 
indicated. 

An  experiment  to  compare  the  reactivity  of  benzene  and  iodobenzene 
(l.e.,  ease  of  removal  of  hydrogen  and  iodine  atoms  from  an  aromatic  nucleus) 
with  CFgCICFClI  was  attempted,  but  conditions  were  too  mild  to  detect  any 
reaction  in  either  case. 

As  this  whole  series  of  experiments,  using  CF23rCFClBr  and 
CF^CICFCH  as  sources  of  radicals  to  react  with  aromatic  nuclei  and  form 
ethyl  benzenes,  gave  poor  yields,  this  route  to  styrenes  has  been  abandon ed . 

3-  Other  Attempted  Aromatic  Substitutions 

The  reaction  of  pentafluorobenzcic  acid  with  ammonia  was  investigated; 
however,  none  of  the  expected  4 -amino -tetrafluoroben zoic  acid  was  observed. 

Attempts  to  react  1,4-dibromotetrafluorobenzene  with  silver  iso¬ 
cyanate  were  unsuccessful.  Several  solvents  were  used. 

It  is  well-known  that  hexafluorobenzene  is  susceptible  to  attack 
by  anionic  species.  Attempts  to  react  hexafluorobenzene  with  potassium 
bromide  and  sodium  iodide  in  solvents,  such  as  acetone,  dimethylsulphoxide 
and  dimethylfonaamide  have  failed  to  produce  any  of  the  desired  brorao-  or 
iodopentafluorobenzenes .  It  was  learned  that  a  similar  at.empted  reaction 
between  sodium  iodide  in  acetone  with  chloropentafiaorobenzene  was  also 


unsuccessful 


The  preparation  of  certain  fiuorcperhalocarbanions  has 


-  36  - 


i 


been  reported  by  Miller  (41,42). 

The  feasibility  of  a  reaction  between  the  heptafluoro-iso-propyl 
carbanicn  and  hexafluorobenzene  has  been  investigated;  however,  in  all 
cases  the  hexafluorobenzene  was  recovered  without  attack.  The  experiments 
were  performed  with  hexafluorobenzene,  hexafluoropropene  and  potassium 
fluoride  in  fcmaaide  and  dimethylformamide  at  room  temperature  and  at 
70°  in  a  sealed  tube.  In  each  case,  analytical  gas  chromatography  in¬ 
dicated  that  a  low-boiling  product  apart  from  hexafluoropropene  was  formed, 

(41) 

presumably  2H-heptafluorcpropane  ,  but  no  aromatic  compound  other 
than  hexafluorobenzene  was  present. 

F.  Attempted  Preparation  of  Partially  Fluorinated  Kcrbornadienes 
The  hydrocarbon  no rboma-2, 5-diene  was  prepared  by  Diels-Alder 

addition  of  sym-dichloroethylene  to  cyclopentadiene,  followed  by  dechlor- 

•  + •  (43 ) 

inaticn  . 

It  was  proposed  to  prepare  a  partially  fluorinated  norbornadiene 
by  a  Diels-Alder  addition  to  cyclopentadiene  and  syra-dichlorodifluorc- 
ethylene,  followed  by  dechlorination  of  the  Diels-Alder  adduct  to  yield 
2, 3-difluoro-ncrbcrna-2, 5-diene  thus: 


The  initial  reaction  of  cyclopentadiene  and  syn-di chlo rodi - 
fluoroethylene  gave  a  product  which  could  be  separated  into  an  ether- 
insoluble  solid  and  an  ether-so3 uble  gum,  neither  cf  which  have  been 
purified.  The  formation  of  ether-insoluble  solid  indicated  that  the  re¬ 
action  had  proceeded  beyond  the  simple  Diels-Alder  adduct,  so  the  experiment 
was  repeated  under  milder  conditions.  As  the  product,  if  any,  could  not 
be  isolated  from  this  reaction,  dechlorination  of  the  impure  product  was 
attempted  using  magnesium  and  iodine  in  ether,  followed  by  zinc  in 
ethanol,  but  no  r’lene  product  was  detected. 


To  test  the  procedure,  the  previously  known  Diels-Alder  addition 

of  cy clo pen tadi ene  and  perfluoropropene  was  attempted  and  the  adduct 

isolated  in  19#  yield.  Similarly,  perfluorc butene -2  was  allowed  to  react 

with  cyclopentadiene  and  the  adduct  was  formed  in  88#  yield.  The  adduct 

19 

gave  a  consistent  infrared,  F  NMR  spectra  and  elemental  analysis;  de¬ 
colorised  a  bromine  solution  and  was  oxidized  by  potassium  permanganate. 
The  proton  NMR  spectrum  showed  a  Diels-Alder  (1,4-)  adduct  rather  than  a 
1,2-  adduct 

Debalogenation  of  the  Diels-Alder  adduct,  5»6-difluore-5,6-bis 
( trifluorome thyl ) -norbom-2-ene  was  attempted  using  zinc  in  isopropanol, 
but  only  starting  material  was  detected.  Dehydrohalogenation  was 
attested  by  dropping  the  adduct  on  to  molten  potassium  hydroxide.  It 
was  thought  that  if  the  bridge-head  carbonium  ion  could  be  formed  that  it 
night  rearrange,  but  only  starting  material  was  recovered  in  84#  yield. 

As  the  Diels-Alder  adduct  from  perfluorobutene-2  could  not  be 
dehalogenated,  a  Diels-Alder  addition  between  cyclopentadiene  and  2,3- 
dichlorohexafluorobutene-2  was  attempted .  The  reaction  mixture  showed 
starting  materials,  di cyclopentadiene  (trace)  and  adduct  by  gas  chro¬ 
matography.  The  product  was  isolated  (33#  conversion)  as  a  white  waxy 
solid  which  easily  was  oxidized  by  potassium  permanganate  and  decolorized 
a  bromine  solution.  A  consistent  infrared  spectrum  and  elemental  analysis 
were  obtained  for  an  adduct,  which  from  the  proton  NMR  spectrum  was 

shown  to  be  a  Diels-Alder  adduct,  5»6-dichloro-5,6-bis(trifluoromethyi)- 
(45) 

norbom-2-ene  .  The  pare  product  g3ve  an  unsyrametrical  gas  chro¬ 
matographic  peak. 

Dechlorination  of  the  adduct  was  attempted  by  two  methods.  The 
hydrocarbon  norbomadiene  was  prepared  by  addition  of  cyclopentadiene 
to  syra-dichloroethylene,  followed  by  dechlorination  by  magnesium  iodide 
in  ether  ^3). 

Dechlorination  of  5»6-dichloro-5,6-bis(trifluorcmethyl)-norbom- 
2-ene  was  attempted  under  identical  conditions,  but  only  trace  quantities 
of  product  were  detected  by  gas  chromatography  and  a  quantitative  yield 
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of  starting  material  was  recovered.  The  second  dechlorination  route 
attempted  was  using  activated  zinc  in  isopropanol.  The  dechlorination 
product  was  formed  in  at  least  86%  yield  and  was  identified  by  infrared 
spectroscopy  as  2,3-bis(trifluororaethyl)norbcrnadiene  This  product  was 

also  obtained  from  addition  of  cyclopentadiene  to  her:dfluorobutyne-2 . 

(46^ 

Hexafluorobutyne  was  prepared  by  a  known  route  ' .  The  addition 
between  cyclopentadiene  and  hexafluorobutyne  was  facile  and  the  adduct 
was  formed  in  84$  yield,  the  remainder  being  low-boiling  starting  material 
and  a  trace  of  di cyclopentadiene.  The  pure  adduct  was  oxidized  by 
potassium  permanganate  ar.d  decolorized  bromine.  The  adduct  had  a  con¬ 
sistent  infrared  spectrum,  particularly  the  medium  intensity  absorption 
at  5.92P  attributable  to  C¥^~C=C~CF^ .  The  elemental  analysis  was  consistent 
for  the  adduct.  The  proton  NMR  spectrum  was  consistent  for  a  Diels- 
Alder  adduct,  2,3-bis(trifluoromethyl)norbornadiene. 

The  addition  of  cyclopentadiene  to  syra-dichlorodifluoroethylene 
was  attempted  at  150°  on  a  small  scale.  A  shoulder  was  noticed  on  the 
di cyclopentadiene  peak.  The  reaction  was  therefore  repeated  at  170°,  at 
which  temperature  dicyclopentadiene  cleaves  to  give  the  monomer.  This 
reaction  increased  the  area  of  the  shoulder  so  that  it  came  larger  than 
the  dicyclopentadiene  peak.  An  autoclave  reaction  of  0.5  molar  scale 
gave  an  11.5#  conversion  to  the  adduct,  the  major  product  being  a  highly 
viscous  high-boiling  liquid,  which  crystallized  on  standing.  Identifi¬ 
cation  of  the  latter  product  has  not  been  attempted,  although  from  the 
similarity  of  its  infrared  spectrum  to  the  Diels-Alder  adduct  and  from 
previous  literature,  it  is  suspected  tc  be  the  product  of  further  addition 
of  cyclopentadiene. 

The  product  formed  in  11.5#  yield,  which  was  a  low-melting  solid, 
which  was  oxidized  by  potassium  permanganate  solution  and  decolorized 
bromine.  It  gave  a  consistent  infrared  spectrum  and  elemental  analysis 
for  an  adduct.  The  proton  NMR  spectrum  was  consistent  for  the  l;4-adduct, 
5,6-dichloro-5,6  -difluoro-norbom-2-ene  The  NMR  spectrum  was 

inconclusi  ve . 


| 
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As  dechlorination  of  5*6-dichloro-5»6-bis(trifluoromethyl  )norbom-2- 
dne  was  easily  effected  by  activated  zinc  in  isopropyl  alcohol,  the  same 
system  was  used  in  an  attempt  to  dechlorinate  5*6-dichloro-5,6-difluoro- 
norbom-2-ene .  The  starting  material  was  recovered  in  95*5%  yield. 

The  addition  of  cyclopentadiene  to  trifluoroethylene  was  attempted, 
as  dehydro fluorination  of  the  adduct  should  give  the  same  product  as  the 
dechlorination  attempted  on  5»6-dichloro-5,6-difluoronorborn-2-ene. 

Initial  attempts  at  the  addition  on  a  small  scale  gave  recovered  olefin 
in  76  -  92%  yield.  It  was  noted  in  these  experiments  that  there  was  al¬ 
ways  a  minor  product  of  suitable  gas  chromatographic  retention  time  for 
an  adduct.  Also,  an  increase  in  the  reaction  temperature  gave  a  decrease 
in  the  percentage  of  unchanged  olefin  recovered.  In  this  whole  series 
of  experiments  it  was  found  that  the  autoclave  reaction  where  the  whole 
vessel  was  heated  gave  superior  yields  to  the  small  scale  experiments  in 
Fischer-Porter  tubes  where  only  part  of  the  vessel  was  heated.  Also, 
additions  that  had  to  be  effected  at  higher  temperatures  gave  poor  yields 
of  simple  adduct  accompanied  by  higher  boiling  products. 

An  autoclave  addition  of  cyclopentadiene  and  trifluoroethylene 
was  carried  out  at  165°  -and  53 $  of  the  unchanged  olefin  was  recovered. 

The  adduct,  which  was  a  waxy  solid,  was  formed  in  33$  yield  based  on  un¬ 
recovered  olefin,  the  major  product  being  a  high-boiling  liquid  which  was 
not  identified.  The  purified  simple  adduct  was  oxidized  by  potassium 

permanganate  and  decolorized  bromine.  It  gave  consistent  infrared  spectrum 

19 

and  elemental  analysis  for  an  adduct.  The  F  NMR  spectrum  indicated  a 
mixture  of  two  isomers  of  5,5,6-trifluoroncrborn-2-ene,  but  the  proton  MMR 
spectrum  was  inconclusive. 

Dehydrofluorination  of  the  adduct  was  attempted  using  aqueous  and 
alcoholic  aqueous  potassium  hydroxide  but  no  product  was  detected,  the 
yield  of  starting  material  being  quantitative  in  both  cases. 

Small  scale  addition  of  cyclopentadiene  to  chlorotrifluoroethylene 
gave  a  44$  recovery  of  starting  olefin,  but  an  autoclave  reaction  gave  a 
negligible  amount  of  low-boiling  product.  A  large  amount  of  brown  viscous 
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liquid  of  low  volatility  was  formed.  The  adduct,  which  was  a  liquid,  was 

formed  in  26%  yield.  It  easily  was  oxidized  by  potassium  permanganate 

and  decolorised  bromine  solution.  The  adduct  gave  a  consistent  infrared 

19 

spectrum  and  elemental  analysis.  The  proton  and  F  NMR  spectra  indicated 
at  least  four  components  which  seemed  to  be  isomers  cf  botn  the  1,4-  and 
1,2-  adducts  . 

The  last  addition  attempted  used  isopropenylacetylene  as  a  diene. 

It  was  allowed  to  react  with  octafluorobutene-2  as  this  oleixn  gave  a 
facile  reaction  with  cyclopentadiene.  Under  the  conditions  used,  no 
adduct  u  j.s  detected  and  a  very  good  recovery  of  starting  material  was  ob¬ 
tained  . 

G.  Fluoronitrosu  Compounds 

The  preparation  of  fluoronitroso  compounds  by  the  addition  of 

„  (47_49) 

nitrosyl  chloride  to  fluorcolefins  has  been  reported  but  only 

fluoroalkenes  were  used.  No  attempt  has  been  made  to  prepare  nitroso  com¬ 
pounds  from  unsatureted  fluoro-esters  and  ethers.  The  addition  of  nitrosyl 
chloride  to  fluoroolefins  was  usually  effected  by  ultraviolet  irradiation 
or  sunlight  and  a  blue  nitroso  compound  together  with  some  nitro-  and 
chloro-derivatives  of  olefin  were  obtained  as  follows: 

N0C1  — NO  +  Cl 

•  •  • 

CF2*CFC1  •  C--»  CF2C1CFC1  CF2C1CFC1N0  CF2C1CFC1K02 

I  Cl  + 

CF2C1CFC12  N2 

( h  ft  } 

Park  *  '  has  reported  that  powdered  ferric  chloride  will 

catalyze  the  reaction  and  that  a  free- radical  mechanism  is  followed  similar 

to  that  in  ultraviolet  light.  In  our  laboratory  it  has  been  found  that 

nitrosyl  chloride  and  fluorcolefins  react  in  a  suspension  of  aluminum 

(49) 

chloride  and  dimethylfomamide  .  The  following  mechanism  was  suggested: 
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+  N0C1 


ai  c;. 

CF2=CFC].  + 

- ►  AlCl^ 

CF2C1GFC1"  + 


no+aici^ 

AlCl^  - *•  Q1CI3 - Cl - CF2"*'CFc3 

+  CF2C1CFC1" 
no* - ¥  cf2cicfc:ho 


In  the  current  work  this  method  has  been  used  to  prepare  nitroso  compounds 
from  fluoro-esters  and  -ethers. 

1.  Preparation  of  p-trifluorovinyl  Ethyl  Benzoate  and  Reaction 
with  Hi t rosy 1  Chloride 

The  preparation  of  trifluoro vinyl  benzoic  acid  has  been  investigated 


.  Trifluorovinyl  ethyl  benzoate  was  prepared  via  this  method 
the  £- substituted  structure  was  confirmed  by  NMR. 


(35) 


and 


During  vacuum  distillation  ever  150  ,  the  ester  formed  a  viscous 
oil  which  showed  infrared  absorption  at  884  cm*1 


structure.  NMR  data  confirmed  the  structure  — CF 

CF„ 


consistent  uith  a  cyclic 

R-CGOEt 
-COOEt 


for  this  compound.  The  reaction  of  trifluorovinyl  ethyl  benzoate  with 
nir.ro syl  chloride  was  carried  out  at  0°  using  the  method  reported  ^9)  # 

The  reaction  product  was  a  light  green  viscous  oil  which  decomposed  at 
room  temperature  after  ca.  ?  hours .  An  attempt  was  made  to  separate  the 
product  by  alumina  chromatography.  The  light  green  compound  collected  was 
not  the  expected  nitroso  compound  but  a  mixture  of  two  compounds,  as  on 
standing  at  0°,  a  white  solid  crystallized  out.  Olefins  and  nitroso  com¬ 
pounds  reacted  to  fora  oxazetidines  and  polymers  ' and  elemental 
analysis  of  the  light  green  mixture  and  elemental,  infrared  and  NMR 
analysis  of  the  solid  was  consistent  with  an  analogous  reaction: 


(3 
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CF2=CF-^-COOC2H5  CF2C1CFS!0-^VcOOC2H3  -p2 2- 5  ■ 

CF2C11F-OC0°C2H5 


o-cf2  ^ooc-Qcf 


CF,C1 


The  solid  is  probably  the  oxazetidine. 

2-  Reaction  of  Unsaturated  Fluoroesters  with  Nitrosyl  Chloride 
CF2=CFCF2COOC2H5>  GF2=CFCF2COOCH3  and  CF2=CFCOQC,H  were  used  as 
the  esters.  In  each  case,  the  blue  nitroso  compounds  we.e  separated  from 
the  chloro  derivatives  by  v.p.c.  The  nitroso  products  decomposed  below 
their  boiling  points. 

3.  Reaction  of  Unsaturated  Fluoroethers  with  Nitrosyl  Chloride 
C^H30CF=CC12  and  CH2=CHCT20CF2CFC1H  were  used  as  the  ethers.  The 
phenolic  ether  produced  a  nitroso  compound  as  identified  by  the  blue  color 
and  infrared  spectrum  but  CH2=CHCH20CF2CFC1H  did  not  give  a  blue  nitroso 
product . 


4.  Preparation  of  Fluoronitroso  Compounds  from  Olefins 

The  reaction  of  CF2=CFCH2CH=CH2  and  nitrosyl  chloride  was  effected 

to  yield  CF  CICF(NO) *CH,CH=CH„ . 

2  22  { 17 ) 

The  diene  was  prepared  tjy  the  known  route  of  addi  tion  of 

CF03rCFC13r  to  allyl  chloride,  followed  by  dehalogenation.  By  the  usual 
2  (49) 

procedure  ,  the  addition  of  nitrosyl  chloride  to  tne  diene  was  pre¬ 

dominantly  at  the  CF2=CF~  grouping.  The  yield  of  nitroso  compound  was 
poor  and  nearly  3 0%  of  the  starting  diene  was  recovered  when  equimolar 
proportions  of  nitrosyl  chloride  and  diene  were  used,  but  if  an  excess  of 
rdtrosyl  chloride  was  used,  several  unidentified  high-boiling  products 
were  formed.  The  infrared  spectrum  cf  the  high-boiling  products  showed 


absorption  at  5-55^  and  5-784,  compared  to  X-G  and  -HC=CH-  absorption  of 
the  nitroso  adduct  at  6.314  and  6.14  (weak),  respectively.  The  nitroso 
adduct  was  decomposed  by  air  and  heat  from  a  blue  liquid  through  green 
and  yellow  to  give  finally  a  dark  brown  viscous  liquid.  The  compound  was 
sufficiently  stable  to  allow  gas  chromatographic  separation  at  50  -  60°. 

The  reaction  of  CF2=CFCH=CH2  with  nitrosyl  chloride  has  been 
studied  in  this  laboratory  before  and  a  small  amount  of  blue  liquid  was 
obtained,  but  no  further  work  was  done.  In  the  present  work  the  addition 
was  attempted  using  aluminum  chloride  and  D.  M.  F.  as  solvent  as  before. 
Orange  or  light  green  colored  reaction  mixtures  were  obtained  depending 
on  the  conditions  used,  but  in  both  cases  the  low-boiling  nitroso  com¬ 
pound  was  a  minor  product,  the  major  product  (>95%)  being  a  colorless 
high-boiling  compound .  This  main  product  showed  absorption  in  the 
infrared  spectrum  of  5-784  and  6.054  but  the  structure  is  still  under 
investigation. 

The  reaction  of  CF2=CFCH=CH CF^  with  nitrosyl  chloride  also  gave 
a  high-boiling  colorless  product  rather  than  a  low-boiling  blue  nitroso 
compound.  The  main  product  had  absorption  peaks  in  the  infrared  spectrum 
at  5-804  and  6.054,  respectively. 

Ho  nitroso  compound  was  formed  when  BrCF2C'  2CH=CH2  was  treated 
with  nitric  oxide  in  the  presence  of  mercury  and  sunlight.  A  reaction 
under  similar  conditions  using  Cr2 1 CF2 CH2 JH=CH2  gave  a  blue  color  in¬ 
dicative  of  a  nitroso  compound,  which  was  discharged  when  the  product  was 
brought  to  ambient  in  the  presence  of  oxygen. 

H.  Fluoroketone  Studies 

It  is  well-established  that  fluorinated  ketones  react  readily  with 
nucleophilic  reagents.  Useful  surveys  cf  the  literature  are  contained  in 
two  publications  ^5^*57) ^ 

The  reaction  of  hexafluoro-  and  sym-dichlorotetraflucro-  acetones 
with  Grignani  reagents  appear  to  give  two  typos  of  products,  the  expected 
tertiary  carbinol  and  in  some  cases  a  reduction  product,  1, 1,1,3 »3»3- 
hexafluoroisopropanol  with  the  former  ketcne.  In  the  present  work,  the 
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above-mentioned  ketones  have  been  reacted  with  methyllithium  and  trifluoro- 
vinylmagnesium  bromide,  and  hexafluoroacetone  has  been  reacted  with  2,2- 
difluorovinylroagnesium  bromide.  The  latter  two  reactions  are  described 
later. 

The  reaction  of  methyllithium  with  sym-dichlcrotetrafluoroacetone 
and  hexafluoroacetone  gave,  respectively,  the  ether  azeotropes  of  1,1-bis 
(chlorodifiuororaethyl)ethanol,  and  l,l-bis( trifiuoromethyl) ethanol.  The 
carbinols  were  purified  by  preparati-'e  -as  chromatography.  The  former 
was  characterized  by  spectroscopic  (NMR  and  i.r.)  and  elemental  analyses, 
the  latter  had  identical  physical  characteristics  to  the  carbinol  described 
by  Knunyants  and  co-worker  ^  ^  who  prepared  it  by  the  reaction  of  methyl  - 
magnesium  bromide  with  hexafluoroacetone. 

Attempts  have  been  made  to  react  metallic  salts  of  the  carbinols 
with  chlorotrifluoroethylene  to  form  olefinic  derivatives.  The  lithium 
salts  of  l,2-bis( trifiuoromethyl)-  and  l,l-bis(chlorodifluoromethyl)- 
ethanols  (fomed  in  their  preparation)  did  not  react  with  chlorotrifluoro¬ 
ethylene.  The  sodium  salt  of  perfluoro-1, 1-dime thylprop-2-en-l-ol  was 
prepared  by  reaction  of  the  alcohol  with  sodium  in  ether  or  an  excess  of 
alcohol.  However,  there  was  no  reaction  between  the  alcohol  salt  and 
chlorotrifluoroethylene  in  diethylether,  tetrahydrofuran  or  in  the  alcohol 
itself.  Reactions  that  were  performed  in  tetrahydrofuran  gave  a  product 
due  to  a  combination  of  tetrahydrofuran  and  chlorotrifluoroethylene;  the 

product  has  not  been  fully  characterized. 

(S3) 

Cal as  and  Duff ant  reported  that  trichlorosilane  added  to 

aliphatic  ketones  under  u.v.  irradiation  in  the  following  manner: 


CLjSiH 


|H3 

Cl_Si-0-CH 

3  i 


It  has  been  reported  that  u.v.  irradiation  induces  fiuoroketones  to 

( S9) 

disproportionate  by  the  following  mechanism: 


0 

I 

CFCCF 


+  CF y 


1 


CF^C* 


CF. 


1 


■*  CF„ 


CO 


3  3 

In  reaction  of  methyl  dichlorosilane  with  hexafluoro-  and  sym- 
dichlorotetrafluoroace tones  under  u.v.  irradiation*  it  was  found  that  the 
predominant  reaction  was  addition  of  the  silane  to  the  ketones  to  give 
respectively 


Cl  CF_ 

I  I3 

Cl-SiOCH 

I  \ 

ch3  cf3 


and 


CF-C1 

I  2 


Cl 

I 

Cl-Si-O-CH 

I  ! 

ch3  CF2C1 


A  study  of  the  stability  of  the  Si-0  bond  in  these  compounds  towards 
hydrolysis  is  to  be  made . 

I.  Preparation  and  Reactions  of  Some  Silanes  Containing  the 
Trifluoro vinyl  Group 

1.  Reaction  of  Organolithium  Compounds  with  Trimethyl  Trifluoro- 
vinylsllane 

Seyferth  and  Wada  have  reported  the  reaction  of  organolithium 

reagents  and  sodium  alkoxides  with  triethyltrifluorovinylsilane  to  pre¬ 
pare  compounds  of  the  type  (C2H3)3SiCF=CFR  and  (C2H^/3SiCF=CFOR. 

A  similar  reaction  using  trimethyltrifluorovinylsilane  and 
organolithium  reagents  was  investigated  and,  in  general,  a  good  yield  of 
the  product  (CH^^SiCF^FR  was  formed.  (R  =  methyl,  n-butyl,  allyl,  vinyl, 
phenyl,  3-trifluoromethylphenyl,  2-thjophenyl  and  1-rapthyl.)  Alcoholysis 
of  these  products  provides  a  convenient  route  to  the  1,2-difluoroolefins. 
The  compounds  from  these  reactions,  and  their  physical  properties  are 
listed  in  Table  VI. 


(CH3;3SiCF=CF„ 


Rii 


Et2G 


(CH^SiCF^CFR 


KOH 


Ethanol 


RCF=CFH 


I 
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Reactions  with  ferrocenyl  lithium  and  1-styryl  lithium  were  un¬ 
successful;  however,  it  is  questionable  whether  the  lithium  reagents 
were  actually  formed. 

Z .  Other  Syntheses  of  Silanes  Containing  the  Trifluoro vinyl 
Group 

As  part  of  this  continuing  program  on  the  preparation  and  reactions 

of  fluoroolefins,  it  seemed  desirable  to  synthesize  and  study  the  reactions 

of  silanes  containing  the  trifluorcvinyl  group  separated  from  the  silicon 

atom  by  var^ng  nuibers  of  methylene  units. 

**st  trifiuorovinylsilane  was  prepared  by  Knunyants 

who  obU.,  v.  ;.CF  =CF).  Si  as  the  reaction  product  of  trifluorovinylmagnesium 
2  4  /  eg  m  \ 

iodide  and  silicon  tetrachloride.  Seyferth  ’  •  prepared  CF2=CFSi(C2H^)^ 
by  the  Grignard  method  and  CF2=CFSi(CH^)^  by  the  reaction  of  trimethyl - 
chlorosilane  with  trifluorovinyllithium,  which  was  prepared  by  treating 
trifluorovinyltin  compounds  with  phenyilithium. 

In  cur  laboratory,  trifluorovinyltriraethylsilane  XIV  was  prepared 
in  65%  yield  by  a  two-step  reaction  in  which  brcraotrifluoroethylene 
reacted  with  methyllithium  to  give  trifluorovinyllithium,  which  was  allowed 
to  react  with  trimethylchlorosilane. 

An  attempt  was  made  to  prepare  trifluorovinyldimethylchlorosilane 
from  the  reaction  of  trifluorovinyllithium  and  dimethyldichlorosilane 
in  a  1:1  molar  ratio,  but  only  bis(trifluorovinyl)dimethylsilane  XV  was 
obtained.  This  experiment  confirms  the  results  of  Knunyants  in  in¬ 
dicating  the  increased  reactivity  of  the  silicon- chlorine  bond  in  silanes 
containing  both  this  group  and  a  trifluoro vinyl  group  attached  to  silicon. 

Alkcxysilanes  undergo  approximately  the  sane  reactions  as  chloro- 
silanes,  although  they  are  somewhat  less  reactive;  therefore,  a  synthetic 
procedure  was  devised  which  led  to  the  formation  of  triflucrovinyldi- 
roethylchlorosilane  by  the  scheme  shown  in  eq  1 .  The  compounds  were  iden¬ 
tified  by  elemental  analysis  .  HR^,  and  infrared  spectra. 
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(CH^SiC^  + 


C2H^QH  (CH^  )2SiCi(OC2H5) 


CTj-CP^ei  <r^3—  (CH3)2Si(0C2K5)CF=CF2 

k 


CF2=CFLi  (1) 


The  sym-tetra»ethy3  bis ( trif luoro vinyl )disiloxane  was  prepared 
by  the  route  shown  in  eq  2. 


(CH3)2SiCl2  +  H20 


CH_  CfL 

i 3  1 3 

Cl -Si -0-Si -Cl 

1  i  1 

CH3  «3 


CF?=CFLi 


fVfj 


CF  =CFSi-0-SiCP=CF, 

2  |  I  2 

CH3  CH3 
XVIII 

Another  compound  of  the  series  was  prepared  by  allowing  diraethylchloro- 
silane  to  react  with  trifluorovinylmagnesium  bromide  to  give  trifluoro- 
vinyldimethylsilane  eq  3. 


H-Si-Cl 

I 


CF2=CFMgBr 


f3 

H-Si-CF=CF 

I 


Elemental  analysis  and  infrared  data  were  consistent  with  this  structure. 
When  trifluorovinyllithium  was  u~ed  instead  of  the  Grignard  reagent,  a 
brown  tar  was  obtained. 
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Pentafluorcohenylmagnesium  bromide  was  prepared  and  allowed  to  re¬ 
act  with  CF2=CFSi(CH^)2Cl  to  give  the  trifluorovinylpentafluoropjhenyldimethyl- 
silane  XX.  It  was  of  some  interest  to  determine  whether  one  or  both 
fluorine-containing  groups  would  be  cleaved  by  rr-action  with  base.  Con¬ 
sequently,  a  sample  of  the  product  was  treated  with  alcoholic  potassium 
hydroxide  and  a  gas,  presumably  CHF=CF2 ,  was  obtained.  Examination  of  the 
liquid  products  showed  that  pentafluorobenzene  had  also  been  formed,  thus 
indicating  the  cleavage  of  both  groups. 

A  different  approach  was  used  to  prepare  (CH„)_SiCH„CF=CF„  XXI. 

(64)  332  2 
Earlier  Tarrant  and  Warner  had  shown  that  Grignard  reagents  reacted 

with  fluoroolefins  to  give  alkylated  or  arylated  flucroolefins  while 
(34) 

Dixon  reported  that  lithium  reagents  behaved  in  the  same  manner. 

With  tetrafluoroethylene,  lithium  reagents  often  give  disubstituted  pro¬ 
ducts  such  as  RCF=CFR. 

HMgX  +  CF2=CX2  - *  RCF=CX2  +  HgFX 

RLi  +  CF2=CX2  - -  RCF=CX2  +  LiF 

A  Grignard  reagent  was  prepared  from  trimethylcnloromethylsilane  and  was 
treated  with  tetrafluoroethylene  under  a  variety  of  conditions,  but  no 
2,3»3-trifluoroallyltrimethylsiIane  was  obtained.  However,  the  desired 
compound  was  made  by  treating  the  corresponding  lithium  reagent  with 
tetrafluoroethylene 

(CH^SiC^Li  +  CF?=CF2  - >  (Ciy  Si<»2CF=CF2 

in  a  sealed  tube  at  0°.  Elemental  analysis  and  infrared  data  support  the 
structure  shown. 

The  preparation  of  the  next  member  of  the  series,  (CH^SiCH^C^CFsCSF^ 
XXII,  was  adapted  from  a  synthetic  route  used  by  Tarrant  and  Tomasino (65) . 

It  is  shown  in  eq  4. 
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CFgBrCFCIBr  +  CH^CHSUCH^ 


* 

CFgBrCFCICHgCHBrSI  (CH^ 

CgH^OH-HCl-Zn  (4) 

CF2=CFCH2CH2Si(CH3)3 

XXII 

%  carrying  out  a  combined  dehalogenation  with  zinc  and  reduction  using 
zinc  and  hydrochloric  acid,  a  65%  yield  of  the  desired  olefin  was  realized. 

The  reaction  of  dimethylchlorosilane  and  CH2=CKCFClCF2Br  gave  the 
corresponding  adduct  which  was  'used  to  make  the  disiloxane  as  shown  in 

eq  5* 


(CH^SiHCl  +  CH2=CHCFClCF2Br  - ► 

(CK3)2Si(Cl)CH2CH2CFClCF2Br  (5) 
J  44%  XXIII 


raj 

r  *  ch~i 

n  Zn 

0  4 — — — 

f 3 

CF2=CFCH2CH2Si 

CF0BrCFClCH  CH  Si 

2  2  2 1 

2 

K3j 

XXV 

XXIV 

This  compound  had  been  prepared  previously  but  the  yields  by  the 
method  described  here  are  much  greater.  An  a*  tempt  to  prepare 
CF2~CFCH2C312Si(CH3)2Cl  directly  by  the  addition  of  dimethylchlorosilane 
to  1,1,2-trifluorobutadiene  in  a  sealed  tube  at  70°  was  unsuccessful,  as 
an  explosion  occurred.  The  chloroplatinic  acid-initiated  addition  of 
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methyldichlorosilane  to  CH^CHCFClCF^Br  wis  carried  out  successfully  to 
give  the  adduct  CF2BrCFClCH2CH,SifCH3)Cl2  X/V I  in  71%  yield. 

The  last  member  of  the  trimethyltrifluorovinylalkylsilanes  pre¬ 
pared  was  CF2=CFCH?CH?CH2Si(CH3)3  XVII.  It  was  made  by  the  sequence 
shown  in  eq  6. 


Thus,  diraethylchlorosilane  shows  the  same  preference  for  reaction  with  a 
hydrocarbon  vinyl  group  rather  than  a  trif 1 -orovinyl  group  that  is  dis¬ 


played  by  CCl0Br  which  ^.ves  CC1  (CH  }_CF=CF  as  reported  by  Muramatsu 

, _ *  (29)  3  2  3  2 


and  Tarrant 


The  chlorosilane  XXVIII  so  formed  was  hydrolyzed  to  the  corres¬ 
ponding  disiloxane  XXIX. 

(.cO) 

Seyferth  has  studied  the  reaction  of  nucleophilic  reagents 
with  trifluorcvinyitn.ethylsilane  and  found,  in  general,  that  the  normal 
reactions  of  fluoroolefins  containing  the  CF2=  group  occurred .  An  ex¬ 
ception  was  the  reaction  with  sodium  ethoxide  in  ethanol,  which  led  to 
the  cleavage  of  the  carbon-silicon  bond  predominantly. 

Surprisingly,  CF^CFCHgCHgSiCCK^)^  XVII  was  found  to  be  resistant 
to  attack  by  certain  nucleophilic  reagents.  Sc  reaction  occurred  on  re¬ 
fluxing  with  a  mixture  of  sodium  ethoxide  in  ethanol  over  a  period  of  20 
hours  or  when  the  mixture  was  heated  to  150°  in  a  sealed  tube  for  12  hours. 
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However,  phenyllithium  reacted  with  the  olefin  to  give  the  substituted 
compound  in  good  yield,  eq  7. 


C6H5Li  f  CF2=CFCH2CH2Si(CH3)? - ► 


m 


C6H5CF=CFCH2rH2Si(CH3)3 


(7) 


The  product  was  identified  by  elemental  analysis  and  infrared  spectroscopy. 

It  should  be  noted  that  other  compounds  containing  +he  CF2=CFCH2CH2~ 
group  have  been  found  to  Ve  resistant  to  attack  by  reagents  which  attack 
simpler  fluoroolefins  containing  the  CF2=  group.  For  example,  allyl- 
magnesium  b.omide  has  been  found  to  react  with  CF  =CF  ,  CF  =CFBr, 

CF2=CFC1,  etc.,  but  no  reaction  occurred  with  CF2=CFCH2CH2Br  .  These 
results  suggest  that  1,1,2-trifluoroolefins  containing  an  electron-re¬ 
leasing  group,  such  as  the  alkyl  group,  are  not  as  susceptible  to  attack 
by  nucleophiles  as  are  such  olefins  containing  electronegative  groups . 

Fluoroethylenes  containing  the  CF2=  group,  upon  heating,  dimerize 
to  cyclobutane  derivatives.  A  study  was  made  of  this  reaction  with  a 
number  of  vinylsilanes  prepared. 

Trifluorovinyltrimethylsilane  was  heated  for  2  days  at  200°  in  a 
sealed  tube  to  give  a  small  amount  of  a  product  tentatively  identifed  as 
the  dimer  by  elemental  analysis  and  infrared  data.  An  attempt  was  made 
to  obtain  either  a  Diels-Alder  adduct  or  a  cyclobutane  derivative  with 
butadiene,  but  polymeric  products  were  obtained. 


2CF  =CFSi ( CH_ ;  - >  CF  -CF-Si(CH  ) 

2  3  3  |  2  |  3  3 

CF  -CF-Si(CH 

J  ^  XXXI 

Heating  CF2=CFCK2CH2Si(CH3 for  2  days  at  200°  gave  a  33%  yield 
of  th«.  cyclic  dimer  XXXII  which  was  identified  by  elemental  analysis  and 
infrared  and  NMR  spectra.  Furthermo^,  the  unsaturated  silane  reacted 
with  butadiene  to  give  a  vinyl cyclobutane  derivative  (eq  P).  The  thermal 
d-merization  of  a  pentenyl  derivative  occurred  m  42$  yield  (eq  9). 


52  - 


TABLE  VII 

PHYSICAL  PROPERTIES  AND  ANALYSES  OF  COMPOUNDS  PREPARED 
Yield  B.p.  °C  Ca 


XVI  39.9  40.3 


TABLE  VII  (continued) 
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CF2=CFCH2CH2Si(CH3>3 


ch2=chch^ch2 


CF- -CF- CH_ CH_  Si ( CH  ) ^ 

j  2  |  2  2  3  3 

ch2-ch2-ch=ch2 

XXIII 


F3 

2CF  =CFCK  CH_CH.,Si-Cl 

2  2  2  2j 


CH. 


3 


(8) 


CF  -CF(CH  )  Si(CH  )  Cl 

|  2  |  2  3  3  2 

CF2-CF(CH2)3Si(CH  )2C1 

XXXTV 


(9) 


It  was  also  found  inat  nitrosyl  chloride  reacted  ~ith 
CF2=CFCri2CH2Si(CH3}3  to  give  a  nitroso  compound  with  a  characteristic  deep 
blue  color.  It  was  separated  by  passage  of  a  pentane  solution  through  an 
aluaina  column,  and  the  material  from  the  passage  of  the  narrow  blue  band 
through  the  column  was  collected  after  evaopo ration  of  the  pentane.  The 
product 


CF2=CFCH2CH2Si(CH3)3  +  NOCL - ► 

CF2C1CF(N0 )CH2CH2Si (Cf^ ) 

XXXV 

was  tentatively  identified  by  elemental  analysis  and  NHR  spectra.  Nitrosyl 
chloride  is  knowito  add  chlorine  perferentially  to  the  CF2  end  cf  a  douHlw 
bond  with  the  NO  going  to  the  other  carbon  atom. 

The  inf ’■a  red  spectra  of  compounds  containing  the  trif  lucre  vinyl 
group  attached  directly  to  silicon  show  an  absorption  peak  associated  with 
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the  double  bond  at  5-334.  The  sane  group  attached  to  carbon,  nydrogen, 

bromine,  or  chlorine  absorbs  between  5-5  and  5.64.  Triphenyltrifluoro- 

vinyltin,  prepared  in  this  laboratory,  absorbs  at  5-884,  while  tris- 

( trifluorc vinyl )bcrcn  absorbs  at  5.554.  All  of  the  metal  compounds 

mentioned  have  empty  p  or  i  orbitals  which  are  perhaps  responsible  for 
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the  large  shift  from  the  usual  absorption  frequency.  Stone,  et  al., 


use  this  shift  as  evidence  of  carbcr.-bo 


;  T*b ending. 


The  infrared  absorption  for  the  double  bend  in  CF^CFCH^SiCCH^)^ 
was  also  fc  end  to  be  5-574,  which  would  again  indicate  that,  the  d 
orbitals  on  the  silicon  dc  net  significantly  affect  the  trifluorc  vinyl 
group  in  this  case.  The  double  bond  absorption  for  CF^=Cr CH^CH.SiC CH^ l^Cl 
occurred  at  5-524,  indicating  a  normal  trifluorrvir.yl  group. 

J.  Reactions  of  Ur.saturated  Qrigr.ard  and  Lithium  Reagents 
The  main  object  cf  this  work  was  the  use  of  ur.saturated  organo- 
ret  jillic  compounds  to  prepare  a  series  cf  erynes  or  dier.es  which  might 
afford  useful  polymers.  Two  general  methods  were  used  in  the  attempted 
synthesis  cf  these  monomers;  1.  Unsaturated  crgar.oaetaliic  reagents  were 
reacted  with  flue roc let ins  tc  give  the  desired  product.  The  most  likely 
mechanism  involves  addition  of  the  crganom.  tsL.lic  reagent  to  the  olefin, 
followed  by  metal  halide  elimination  e.£.  CH^CHCF^MgBr  +  CF_,=CFX  - 
CH^= CRCH? C?2 CFXMgB r  -  CH2=CkCH2CF=CFX  Hg5rF.  2.  The  ergar.o- 

metaliic  compound  was  reacted  in  the  normal  way  with  aldehydes  and  ketones 
and  the  product  dehydrated  tc  give  er.yr.es  cr  dier.es  e.£. 


rr  _r=<'u 

W3  |  2 


OLGOOL 


E:her 
aq.  HC1 


3\r_)L  ^ 

I  V 

C:I2 


2vch5 


-“2^  CF„  -C-C-CH 

7  \  3 

Ch.  CK 
c.  7. 


1.  Reaction  of  Unsaturated  Orgar.or.ftall'-.  c  Compound with  Haloolefins 

It  has  beer,  shown  that  Grigrard  reagent;  reacted  with  fluorc  clef  ins 

to  give  alkylated  cr  arylated  fluorc  clef  ins.  Dixon  reported  that 

lithium  reagents  behaved  ir.  a  similar  manner,  e.g.  Z  H_Li  CF ,-CF_  — 

~  2  c 

C,  HpCF=CF,  ♦  LiF.  England  ar.d  his  associates  '  reported  briefly 


that  the  sodium  salt  of  1-hexyne  and  phenyl  acetylene  reacted  with  tetra- 
fluoroethylene  to  give,  respectively,  30%  and  9%  of  the  corresponding  di~ 
fluoroethylene  derivative  2RCsCNa  +  CF,=CF?  -  R-Ca£F=CFC=CR  + 
2NaF.  The  reaction  of  propynyllithium  with  various  fluoroolefins  to  give 
good  yields  of  the  corresponding  enynes  has  been  carried  out  in  these 
laboratories 

Attempts  to  extend  this  reaction  using  other  acetylenic  Grignard 
and  lithium  reagents  have  proved  unsuccessul.  Reaction  of  ethyoxyethynyl 
lithium  with  chlorotrifluoroethylene  in  tetrahydrofuran  at  room  temperate  re 
gave  only  black  polymeric  material.  When  carried  out  at  -15“  to  -20°, 
the  same  reaction  afforded  a  small  amount  of  3-ethcxy-l-chicrc-l,2-di- 
fluoropropene  but  none  of  the  expected  enyne-  The  mechanism  of  formation 
of  this  compound  is  not  known.  Di lithium  acetyiide  was  prepared  and  re¬ 
acted  with  chlorotrifluoroethylene  giving  a  very  small  yield  of  h-chlcro- 
3,h-difluorobut-3-en-l-yr.e  Cl 

I 

HCiC-C=C  and  considerable  polymeric  material . 

I 

F  F 

The  corresponding  di -Grignard,  with  fluoroolefins,  gave  only  a  black 
polymeric  tar.  Reaction  of  3-bromo propynyllithium  and  3,3,3-b^d.fluoro- 
propyiryllithiun  with  chlorotrifluoroethylene  gave  only  polymeric  material. 

A  similar  result  was  obtained  from  the  reaction  of  the  latter  litniun  re¬ 
agent  with  dichlorodifluorcethylene  (CI\,=CC17)  in  ether.  Hz  reaction 
was  obtained  when  fluoroolefins  were  added  to  ethynylsagnesiUF  bromide. 

Attempts  have  also  been  made  to  prepare  flucrinated  dier.es  by 
reaction  of  vinylic  fluorinatcd  and  non-fluorinatei  Grignard  and  lithium 
reagents  wit’  fluoroolefins. 

It  had  been  reported  that  trifluorovir.yl lithium  dees  net  re¬ 

act  with  1 , 1-di chlorodi fluoroethylene .  Attempts  tr  yrepare  aier.es  by  re¬ 
action  of  trifluorcvinyllithiua  with  ohlcrotrifl u.  roetr.v.er.e,  brometri- 
fluoroethylene  and  1,1,2-trifluorctursdiene  gave  r.~  1*  act: ;  n.  .-■i.dilarly, 
nc  diene  was  obtainea  on  reaction  of  irifiucroissprrper.yliithium  with  di- 
chlorodi flue roe  thylene . 
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It  was  thought  that  perfluorcarcmatic  crgancmetallic  reagents  with 
fluoroolefins  would  give  products  in  which  the  olefinic  double  bond  was 
stablized  by  conjugation  with  the  aromatic  ring.  A  previous  attempt  to 
react  pentafluorcphenylmagnesium  bromide  with  tri  fiuo  no  ic. -do  benzene  gave 
only  pentafluoroicdobenzer.e  v  1 .  It  has  beer,  found  •.'■'at  the  above  Grignard 
reagent  has  no  reaction  with  cnlorctriflucrcethylene  or  octafluorc -2 -butene 
in  diethyl  ether,  and  that  or.  hydrolysis,  per.taflucrobenzene  is  obtained. 

If  the  reaction  with  chlorotrifluorcethylene  is  carries  cut  in  tetrahydro- 
furan,  reaction  occurs  to  leave  a  gummy  material  which  is  probably  a 
perfluoropolyphenylene  of  the  type  described  by  rear.  Thrower,  and  White*725 ' 
Attempts  to  react  pentaflucrophenyllithiura  with  chlorotrifluoro- 
ethylene  and  tetrafluorc  ethylene  have  beer,  unsucces-ful,  pentafluorc benzene 
again  being  recovered  ir.  each  case.  It  has,  ncwever,  beer,  discovered  that 
both  pentafluorophenylmagnesium  bromide  and  per.tafluorcphenyllithium  re¬ 
act  with  hexafluorocyclobutene  to  give  a  single  product,  l,2-bis(penta- 
fluoro phenyl ) -tetraf luoi ocyclo-l-butene .  With  pentafluorcphenylmagnesium 
bromide,  tetrahydrofuran  is  the  preferred  solvent,  but  with  pentaflucro- 
phenylli thium,  diethyl  ether  is  adequate. 

It  seems  from  the  abov.,  results  that  the  presence  of  fluorine  on 
the  aromatic  nucleus  renders  the  carbanicns  unreactive  by  removing  electron 
density  from  the  nucleus.  Only  in  the  case  of  perfluorccyclooutene,  '•hi eh 
was  the  most  reactive  olefin  tried,  was  a  positive  result  obtained.  On 
the  other  hand,  phenyl  lithium  and  pher.ylnagnesium  bromide  have  been  shown 
to  be  capable  of  reaction  in  the  normal  way  with  fluoroolefins  v  . 

The  next  approach  to  the  problem  cf  synthesis  of  flucrir.ated  dienes 
was  to  react  nonf luo rinated  unsaturated  o rgancmetalli c  reagents  with  fluoro¬ 
olefins.  1 , 1-Diciiiorcdi ^lucroethy lene  was  reacted  with  both  vinyl 
magnesium  chloride  and  vinyl! ithium  under  varying  conditions.  However, 
the  Grignard  did  not  react  ar.d  tr.e  vinyl  lithium  gave  only  a  tar.  It  is 
suggested  that  the  latter  reagent  gave  the  diene  CH2=CHCF=CC12  which 
polymerized  immediately. 

In  a  further  effort  to  prepare  a  fluo radicle  fin,  the  reaction 
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between  allylmagnesium  bromide  and  olefins  containing  the  trifluoro vinyl 
group  was  investigated.  In  general,  a  reasonable  yield  of  the  allyl- 
substituted  fluoroolefin  was  formed. 


Cli2=CHCH2MgBr  +  CF2=CFX  - > 

CH„=C>:CH'  CF=CFX 
c  2 

The  products  of  these  reactions  are  shown  in  Table  VIII.  The 
reactions  were  carried  out  using  equimolar  amounts  of  the  fluoroolefin 
and  the  Grignard  reagent  in  diethyl  ether  solution.  The  yield  of  the 
diol^fin  was  not  altered  when  an  excess  of  the  Grignav"  'as  used. 


TABLE  VIII 

ALLYLMAGNESIUM  BROMIDE  AND  FLU0R0Ol£FI!w 


Olefin 

Product 

Yield  * 

cf2=gf2 

XXXVI 

CH_~CHCH_rF-CF3r 

30 

XXXVII 

CH2^CHCH2CF=CFCH2CK=CH2 

■* 

CF2=CF„a 

XXXVIII 

ch2=ckc:h2cf=cfci 

n 

i 

xxxm 

CH2=CHCH2CF=CFCH2CH=CH2 

15 

cf2=cfci 

XXXVIII 

CH2=CHCH:)CF=CFC1 

50 

CF2=CFBr 

XXXVI 

CH2=CHCH2CF=CFBr 

30 

CF2=CC12 

XXXIX 

CH2=CHCR2CF=CC12 

40 

CF2=CFCF2 

XL 

CH2=CHCH2CF=CFCF3 

38 

CF_-CF_Cf =CF 

b 

1  2  2  Y 

CF2=CFCH=CH2 

XLT 

CH2 =CKCH? CF=CFCH=CH2 c 

30 

Reacted  with  allylmagnesium  chloride.  ^  Tar  formed  immediately  at  -78 
Polyaerizes  on  standing. 

The  reaction  with  tetrafluoroe*hy]ene  gave  none  of  the  eroected 
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monoallyl  derivate,  although  a  low  yield  of  the  disubstituted  compound 
XXXVII  was  formed:  tne  main  procuct  was  .l-brcmc-i,2-diflu^ro-l,4-pentadiene 

xxxvi  , 


CH^CHCH^MgBr  CF2=Cf2 

CH2=CHCH2CF=CFBr  + 

XXXVI 

It  is  unlikely  that  the  bromide  ion  as  such  attacks  tetrafluo'o- 
ethylene  as  the  reaction  cf  anhydrous  magnesium  bromide  with  neither 
tetrafluorcc-thylene  nor  1 , 1 ,2- trif iuoro-1  ,4-per.tadier.e ,  in  diethyl  ether, 
led  to  a  brcmine-cor.tainir.g  product.  It  is  more  likely  that  the  Grignard 
reagent  i+self  brominated  the  flucroolefir. .  No  reaction  took  place  between 
1, 1,2- trif lucrc-1,^— pen tadiene  and  allylmagr.esium  bromide.  Thiese  results 
suggest  that  the  aliyimagresiur.  bromide  reacts  first  with  tetrafluoroet'nylene 
to  fern  bromctrifluoroetriylere,  which  then  reacts  with  another  molecule 
of  Grignard  reagent  to  give  l-brcmo-l,2-diflucrcper.tadier.e  XXXVI. 

The  reaction  of  allylmagr.esium  chloride  with  tetrafluoroethyiene 
gave  more  of  the  expected  diallylfluorcethylene  XXXVII  thar.  did  the  bromide; 
a  small  amount  of  allylchlorodifluoroethyiene  XXXVIII  was  observed. 

The  reaction  of  allyimagnesium  bromide  with  1,1,2-trifluorcbuta- 
dier.e  gave  3»k-diflucrc-l,3.6-heptatriene,  which  slowly  pclymeri  zed  on 
isolation.  It  was  identified  as  the  tetrabremide .  The  bromine  saturated 
only  the  terminal  double  bends,  as  indicated  by  infrared  analysis. 

Allyimagnesium  bromide  was  allowed  to  react  with  perfluoro cyclo- 
butene  to  foim  a  tar  ever,  at  -78°.  Since  half  cf  the  hexaflucrcc/clo- 
butene  was  recovered,  it  seems  probable  that  the  initial  product  of  the 
reaction  was  1,2-diallyltetraflucrccyclobuter.e,  which  polymerized  spon¬ 
taneously.  Ferflucrccyclcbutene  has  beer,  found  by  workers  m  trds  laocratory 
to  be  by  far  the  most  reactive  cf  the  fTuoroclefins  toward  attack  by 
Grignard  reagents. 

No  reaction  occurred  between  allyimagnesium  bromide  and  trifluoro- 
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ethylene,  l,l,2-trifluoro-4-broroo-l-fcutene,  or  l,l,2-trifluoro-l,4-penta- 
diane.  The  inactivity  of  the  ioroer  two  olefins  with  organometalDic 
compounds  has  been  observed  before;  it  appears  that  an  electron- 

withdrawing  group  should  be  attached  to  the  trifluorovinyl  group  for  the 
reaction  to  occur. 

Further  reactions  of  fluoroolefins  with  Grignard  reagents  con¬ 
taining  the  allylic  system  are  shown  in  Table  IX. 

TABLE  IX 

FURTHER  REACTIONS  OF  ALLYLIC  GRIGNARD  REAGENTS  AND  FLUORQflLEFINS 


Grignard 


C6H  OytgBr 


C6H5CH2MgBi 


Olefin 


cf2=cfci 


Product  (%) 


No  reaction 


CH^CH=CHCH2MgBr 


cf2=cfci 


F 

40$  XLII 


CH  =CH-CH-CF=CFC1 

2  I 


CH? 

1516  XLIII 

No  reaction  occurred  between  chlorotrifluoroethylene  and  benzyl- 
magnesium  bromide.  This  result  is  somewhat  unexpected  when  coropaired  with 
the  go-ed  yield  of  the  diolefin  obtained  from  the  reaction  of  c'nlorctri- 
fluoroethylene  and  allylmagnesium  bromide.  However,  the  more  reactive 
perfluoro cyclobutene  gave  a  reasonable  yield  of  i-benzylpentafluorocyclo- 
butene  XLII  when  allowed  to  react  with  benzylmagnesium  bromide. 

The  reaction  of  chlorotrifluoroethyl  s  and  crotonylmagnesiura 
bromide  would  be  expected  to  give  l-chioro-l,2-difluoro-l,4-nexadiene 
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XIJV;  he  //ever,  the  nue'ear  magnetic  re~?nance  spectrum  cf  the  product  shewed 
only  the  presence  ox‘  1-chloro-l, ?-dif lucrc-3 -neth.'l-I,h-pentadiene  XLI1I. 

CILCH=CHC1LCF-CFC1  CH ,=CK-Ch-CF-C?Cl 

3  -  -  i 

XUV  XLIII 

There  has  been  some  discussion  in  the  literature  concerning  the 

structure  of  crotcnylmagnesium  bromide  as  tc  whether  it  exists  in  the 

(73) 

crotonyl  form  or  the  «'-met,hylaliyi  form  .  Recent  -v>rk  using  nuclear 
magnetic  resonance  and  infrared  spectroscopy,  however,  indicates  that  it 

/  Ok  oO 

exists  exclusively  as  the  crotcnyl  form  v 

It  would  appear  that  the  normal  mechanism  associated  with  this 

reaction,  i.e.,  the  attack  of  the  electronegative  -carbon  atom  cf  the 

Gri guard  reagent  in  the  crotonyl  fora  witl  the  electropositive  carbon  atom 

of  the  fluoroclefin,  is  not  taking  place.  It  is  more  likely  that  the 

reaction  is  occurring  by  a  mechanism  similar  to  that  suggested  by  Young 
(77) 

and  Roberts  for  the  addition  of  allylic  Grignard  reagents  to  carbonyl 
compounds . 
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The  allylic  system  is  able  to  transfer  the  negative  charge  induced 
on  the  ^-carbon  atom  by  the  electropositive  magnesium  atom  to  the  o'. -carbon 
atom,  which  can  then  combine  with  the  polarized  fluoroolefin  to  give  the 
transient  six-membered  ring.  The  newly  formed  addition  product  will  ther. 
lose  magnesium  halide  to  give  the  fluoro  diolefin. 

Three  reason  can  be  offered  to  support  this  mechanism  for  the 
reaction  of  allylic  Grignard  reagents  with  fluoro olefins.  First,  the 
reaction  of  crotonylmagnesium  bromide  gives  only  the  methylpentadiene,  as 
explained  above.  Second,  the  yield  of  the  products  using  allylmagnesium 
bromide  is  much  better  than  those  from  other  aliphatic  Grignard  rr agents 
such  as  vinylmagnesium  chloride  and  methyl-  or  ethylmagnesium  bromide; 
the  latter  reactants  would  be  unable  tc  form  this  six-membered  ring  system. 
Third,  no  reaction  occurred  with  benzylmagnesium  bromide  and  chlorotri- 
fluoroethylene;  this  suggests  that  the  reaction  does  not  occur  at  the  <- 
carbon  atom,  for  it  would  otherwise  be  difficult  tc  explain  how  the  two 
structurally  similar  compounds,  benzylmagnesium  bromide  and  ailylmagnesium 
bromide,  behave  so  differently.  A  logical  explanation  for  the  lack  of 
reaction  at  the  allylic  carbon  atom  in  benzylmagnesium  bromide  is  that  the 
aromatic  resonance  energy  would  have  to  be  overcome  in  forming  this 
reaction  site. 

The  physical  properties  and  results  of  analyses  of  the  new  fluoro- 
olefins  are  shown  in  Table  X. 

In  order  to  gain  information  that  would  be  useful  in  future 
syntheses  involving  fiuo roole fins,  the  relative  reactivity  of  some  fluoro- 
olefins  in  the  reaction  with  aliylmagnesium  bromide  was  determined.  Ecui- 
moiar  amounts  of  the  Grignard  reagent  and  two  ‘'lucre olefins  were  reacted 
in  a  sealed  tube  at  room  temperature;  after  the  reaction  was  completed, 
any  unreacted  olefins  were  condensed  and  analysed  by  v.p.c.  In  all  cases 
the  olefins  were  present  in  excess,  and  the  ratio  of  unreacted  olefins  was 
the  same  as  that  cr  the  products  from  the  reaction.  The  yields  of  the 
fluorodiclefins  from  several  repeated  reactions  were  found  to  be  con¬ 
sistent  within  experimental  error.  As  the  reaction  takes  place  within  the 
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liquid  phase,  the  fluoroolefins  are  gases  at  room  temperature,  the  solubility 
of  each  fluoroolefin  will  control  the  yield  of  the  fluorodiolefin  product. 
Thus  the  solubility  of  the  pairs  of  fluoroolefins  were  investigated  by 
taking  equimolar  amounts  of  the  two  fluoroolefins  and  sealing  them  in  a 
tube  containing  ether.  Alter  equilibrating  for  two  hours  at  room  tempera¬ 
ture,  the  liquid  was  analyzed  by  v.p.c.  The  results  are  shown  in  Table  XI, 
and  the  ratio  of  the  reactivity  of  the  fluoroolefins  shown  in  Table  XII 
corrected. 

The  reactivity  of  these  fluoroolefins  is  shown  below: 


CF0CF„CF=CF»CF  =CC1„»  CF  =CFBr>CF.. =CFCF0>  CF  =CFC1»  CF  =CF0 

|  2  2  I  2  2  2  232  22 


The  hexafluorocyclobutene  is  more  reactive  than  the  1,1-dichloro- 
difluoroethylene  as  it  resets  with  two  moles  of  allylmagnesium  bromide. 
Even  at  -78°  the  di substituted  cyclobutene  forms  a  polymeric  tar.  These 
reactions  have  been  shown  by  v.p.c.  analysis  to  be  virtually  completed 
at  room  temperature  within  five  minutes . 

2.  Synthesis  of  leopropenyl  Metal  Compounds  and  Their  Reactions 
Attempts  were  made  to  prepare  isopropenyllithium  or  magnesium 
halide  with  the  specific  aim  of  reacting  these  with  tetrafluoroethylene 
in  order  to  synthesize  1,1,2-trifluoroisoprene,  which  may  give  rise  to 
interesting  polymer^. 


cf2=cf 


2 


CK,=CF-C=CH0 

l3 


(M  *  Li,  MgX) 

By  analogy  with  the  satisfactory  exchange  reaction  between  butyl- 
lithium  and  trifluoroisopropenyl  b-^idc  to  produce  the  desired  trifluoro- 
lsopropenyllithium,  it  was  hoped  that  the  reaction  between  an  alkyl  lithium 
ard  isopropenyl  bromide  would  yield  isopropenyllithium. 

This  ~>roved  not  to  be  the  case.  When  isopropenyl  bromide  was 
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TABLE  XI 

SOLUBILITY  RATIO  OF  FLUOROSIS  FINS  IN  ETHER  AT  ROOM  TEMFERATURE 


Olefins 

b.p.  °C 

Mole  % 

Relative 

Solubility 

l.  cf2=cfci 

-27 

42.2 

1.0 

cf2=cci2 

19 

57.8 

1.3? 

2 .  CF2=CFC1 

-27 

46.8 

1.0 

CF2=CFBr 

-6.5 

53-2 

1.14 

3 .  cf2=cfci 

-27 

50.8 

1.0 

.  CF?=CF0Fo 

-29 

49.2 

0.97 

i.  OF,,“CFCl 

-27 

62.8 

1.0 

cf2=cf2 

-76 

37.2 

0.59 

5.  CF2=CFBr 

-6.5 

43.1 

t  •  •  • 

of2=cci2 

19 

56.9 

•  •  •  • 

6.  CF2=CFC1 

-27 

45.6 

1.0 

CF_CF_CF=CF 

1  2  2I 

5 

54.4 

1.19 

67  - 


i 


1 


TABLE  XII 

RELATIVE  REACTIVITY  OF  ALLY1MAGNE5IUM  BROMIDE  WITH  FLU0R00LEFIN3 


: 

Olefins 

Products 

Yields  % 

Relative 

Corrected' 

\ 

Reactivity 

Relative 
React1  vit; 

J 

j 

i 

1. 

CF2=CFC1 

ck2=chch2cf=cfci 

1.5 

1.0 

1.0 

i 

cf2=cci2 

ch2=chch2cf=cci2 

16.8 

11.2 

3.2 

i 

j 

2. 

CF^=CFC1 

ch2=chch2cf=cfci 

7.9 

1.0 

... 

). 

5 

l 

cf2=cci2c 

ch  =ckolcf=cci_ 

c  c  2 

16.2 

2.05 

... 

f 

3- 

cf2=cpci 

CH2=CHCH2CF=CFC1 

4.8 

1.0 

1.0 

{ 

t 

1 

j 

CF2=CFBrd 

CH2=CHCH2CF=CFBr 

9-7 

2.02 

1.94 

f 

4. 

CF?=CFC1 

ch2=chch2cf=cfci 

3-5 

i.O 

I.O 

;  i 

CF  ~CFCF 

2  3 

CH2=CHCH2CF=CFCF3 

4.3 

1.23 

1.2: 

5. 

cf2=cfci 

CH2=CHCH2CF=CFC1 

8.7 

i.O 

1.0 

cf2=cf2 

CH2=CHCH2CF--CFBr 

0.4 

0.05 

o.f  3 

6. 

CF2=CFBr 

CK2=CHCH2CF=CF3r 

1.6 

i.O 

CF2=CC12 

ch2=chch2cf=cci2 

23.4 

13.0 

11.5 

7. 

cf,=cfci 

c. 

Tar 

•  •  •  • 

% 

■> 

6 

CF^CF  CF=CF 

1 1 g  i 

i 

j 

a 

All  reactions 

were  at  room  temperature  for  16 

-  20  hours. 

i 

i 

I 

j 

I 

I 

b 

See  text. 

c 

j 

At  450  lb/in2 

pressure 

a 

Similar  reactions  under  high  pressure 

did  not 

alter  the  yie 

Ids. 

I 

i 
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treated  with  butyiiithisan  in  ether  solution  at  -■’3''  and  was  allowed  to  warn 
to  room  temperature,  no  butyl  bromide  was  formed,  indicating  that  the  ex- 
ch^ge  ^retaliation  reaction  did  not  occur.  In  a  subsequent  reaction,  the 
nixtu  -e  cf  butyllithium  and  iscproper.yi  bromide  was  allowed  t-  warn  from 
-78  to  C  and  then  carocn  dioxide  bubbled  into  the  system.  On  working 
up,  again  no  butyl  bromide  was  found,  the  main  products  being  /aleric  acid, 
butyncic  acid  and  probably  dibutyi  keicr.e.  Butyr.oic  acid  is  possibly 
formed  by  initial  exchange  with  a  vinylic  proton,  foliov&d  by  elimination 


CH^CBr=CH7 


CH^C!3r=CHLi 


-Li3r 


Ch-CsCH 


CbLCiCCOOH 


lithium  bromide  to  give  prcpyne.  The  acidic  proton  cf  the  latter  would 
exchange  with  lithium  and  react  normally  with  carbon  dioxide  to  give  the 
acid  83’8“. 

Since  this  approach  was  r.ct  successful,  it  was  decided  to  attempt 
to  prepare  the  Grignard  reagent  from  iscproper.yi  bromide. 

Beth  diethyl  ether  and  te t rahy d ro f u ran  were  used  as  solvents, 
let rahydre f u ran  proved  to  be  mere  suitable  as  Grignard  formation  proceeded 
more  quickly,  the  :u3gr.esiun  being  consumed  quantitatively.  In  order  to 
-cofim  that  the  desired  reagent  was  formed,  acetone  was  added  to  the  re¬ 
action  mixture.  After  work  up,  diraethyliscprcper.yl  carbir.ol,  b.p.  120° 
(lit.  b.p.  l2i  -  2°),  was  obtained  in  US%  yield. 


CH 

CH_ 

1  3 

Ms 

i  3 

CBr 

1 

— ,,,» 
THF 

r 

K 

py 

u-2 

(CH-;„00 

ad.^HCl 


CH  CH 

--U-Lo" 

i  i 

ch2  ch3 


Thus,  iscproper.yi  magnesium  bromide  could  be  prepared  in  good 
yield  and  its  reaction  with  tetraflucrcethyler.e  was  studied.  The  Grigna.i 
reagent  was  prepared  by  the  action  cf  iscproper.yi  orcraid?  or.  magnesium  in 
tetrahydrofuran.  Excess  tetrafiuoroethyler.e  was  babbled  into  the  system 

which  was  fitted  with  a  reflux  ~cr.der.ser  maintained  at  -100°.  After 
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work  up,  v.p.c.  showed  the  presence  of  two  products  in  poor  yield. 
Attempts  to  separate  these  by  distillation  on  prep,  scale  v.p.c.  resulted 
in  decomposition.  So  it  was  not  possible  to  obtain  pure  samples  of  the 
products.  However,  I.  R.  and  NMR  spectroscopic  evidence  of  the  mixture 
suggested  that  only  one  of  these  compounds  contained  fluorine.  Only  twe 
fluorine  atoms  were  present  in  the  molecule,  suggesting  that  disubsti¬ 
tution  had  occurred,  causing  fluorine  at  either  end  of  the  tetrafluorc- 
ethylene  to  be  replaced.  The  mixture  of  two  compounds  decomposed  quickly 
on  standing  at  room  temperature.  The  fluorine  containing  product  was 
probably  CH  =C-CF=CFBr,  formed  by  an  analogous  reaction  to  that  of  allyl- 

I 

<SL 


magnesium  bromide  with  tetrafiuoroethylene  as  reported  by  Tarrant  ar.d 
Heyes 


3.  Synthesis  and  Reactions  of  Other  Flucrinated  Unsaturated 
Grignard  and  Lithium  Reagents 

The  main  objective  of  this  work  was  the  preparation  of  unsaturated 
alcohols  by  reaction  of  the  crganometailic  with  carbonyl  compounds.  De¬ 
hydration  of  these  alcohols  afforded  an  alternative  route  to  the  desired 
dienes  or  enynes.  However,  several  other  reactions  of  the  crganometailic 
reagents  have  teen  described  (See  Table  XIII). 

a.  Trifluorovinylmagnesium  Halides 

The  reaction  of  trifluorovinylmagnesium  bromide  with  various 
fluorinated  and  non-fluorinated  ketones  has  been  studied  in  these  labora- 
tories  by  Richardson  .  It  was  found  that  with  ketones  containing  no 
fluorine  the  expected  carbinoi  was  net  formed  and  tnat  an  acidic  product, 
formed  by  rearrangement  of  the  carbinoi,  was  isolated.  In  the  case  of 
1,1, 1-trifluoroacetone,  both  the  carbir.c:.  and  t.r.e  acid  derivative  were 
formed.  In  the  present  study,  no  evidence  •>  as  found  ’’or  rearrangement  of 
the  carbinols  formed  by  the  reaction  of  trif. ucrcvinyimagresium  bromide 
with  sym-dichlorotetrafluorc-  and  hexafluorcaoetor.es,  but  the  carbinoi  was 
obti-ined  in  good  yield  as  an  a  zetc  tropic  mixture  wr.icn  was  purified  in 
small  quantities  by  preparative  gas  chroma  t/- grapny.  (GLPC) 
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b.  Attempted  Preparation  of  u-Bromcmagnestum  and  4-Lithio-l,l,2- 
trifiuoro butene 

An  a;  leapt  to  prepare  the  Grigr.ard  and  lithium  reagent  from  4-bromc- 
1,1,2-trifiuorobutene-l  ( C F 7 -  C r C H n C r. „ B r )  was  unsuccessful,  r.o  butyl  bromide 
being  produced  by  exchange  wi*h  iutyllithium  in  the  latter  case,  while 
reaction  with  magnesium  in  ether  gave  only  the  coupled  product,  1, 2,2, 7,8,8- 
hexafluoroocta-1, 7-diene  { CF^ = 1TC* L CH^ .  When  the  Grigr.ard  was  prepared 
in  diethyl-ether  with  trimethyl chi  o rosi lane  in  situ,  tne  coupled  product 
was  formed  and  no  evidence  for  the  presence  of  crircethyi-(3,4,a-trifluoro- 
4-fcuter.yi; silane,  was  found.  Using  tetrahydrcfuran  as  solvent,  gas 
chropiatograpnlc  evidence  indicated  that  approximately  3^  cf  the  product 
was  triraethyi-(3  ,’l,4-ty*ifluorc-4-butenyl)silane,  the  major  product  being 
l,l,2,7,8,8-hexaflucroccta-l,?-dier.e.  Another  unidentified  minor  product 
was  observed  in  eacn  of  tne  experiments. 

c.  Perfluorcallyl  Organometallic  Compounds 

All  attempts  to  prepare  the  perfluorcallyl  Grignard  and  lithium 
reagents  failed.  In  the  uri guard  preparation,  the  magnesium  turnings 
quickly  became  coated  and  did  not  react  even  after  prolonged  heating. 

When  perfluorcallyl  iodide  (PFAI}  was  treated  with  magnesium  ir.  anhydrous 
ether  ir.  the  presence  cf  Me^SiCl  under  a  nitrogen  atmosphere,  only 
Me^SiOSiMe^  was  obtained  after  hydrolysis. 

When  PFAB  was  allowed  to  react  witn  phenylmagr.es iun  bromide,  un¬ 
reacted  PF.4B,  benzene,  and  only  traces  cf  higher  boiling  eorapone’  ~z  were 
noted.  With  methyllithium,  however,  a  product  which  appeared  to  be 


yield.  Reactions  similar  to  these  have 

(6d) 

beer,  reported  by  Tarrant  and  Warner  '  .  With  PFAI  and  pher.yllithium. 


CH^CF2CF=CF0  was  obtained  in  sma] 


an  immediate  exothermic  reaction  occurred  to  fern  a  high-bciling  material 
which  was  identified  as  icicbenzene .  Ur.reacted  PFAI,  benzene,  and  bromo- 
benzene  were  also  detected.  The  production,  of  icdober.zene  would  seem 
to  indicate  the  formation  of  CF^=CF-CF0Li  by  haloger.-metal  exchange.  Nc 
reaction  occurred  between  PF*I  and  pen  ta  f  1  u  c  r  o  pher.y  1 1  i  t  h  i  urn ,  as  on  hydrolysis 
only  ur.reacted  FFAI  and  per.  taf  lucre  benzene  were  obtained. 
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d .  2.2-Difluorovinyl  Orgar.nraetallic  Compounds 
l-Bromo-2,2-diflucroethylene  was  readily  formed  via  a  two-step 
synthesis  involving  bromination  of  vinylidene  fluoride  in  the  presence  cf 
light  and  reaction  of  the  resulting  dibromide  with  potassium  hydroxide. 
2,2-Difluorovinyl  bromide  reacted  vigorously  with  magnesium  in  tetra- 
hydrofurar.  and  the  Grignard  thus  foiled  was  shown  to  be  unstable  at  0° 
but  stable  enough  at  -20°  to  react  with  trimethylchlorosiiane  in  situ 
to  giv®  t'*i»ethyl-{2,2-difiuoxx>vinyl)silanet  CF^CHSitCFy^*  in  1  7%  yield. 
Addition  of  the  chiorosilane  after  preparation  cf  the  Giignard  reagent 
gave  only  a  %  yield.  An  attempt  to  form  CF2=CH-C(CF^ )2OH  from  2,2-di- 
flucrovinyl  magnesium  bromide  and  hexafluoroacetone  gave  only  partial 
success  in  that  several  by-products  were  formed  and  the  carbine 1,  which 
was  formed  in  about  5  -  10%  yield,  could  not  be  purified  by  GLPC  or 
distillation. 

Attempts  to  prepare  2,2-difluorovinyllithium  f rom ‘2,2 -ai f 2 u  ro vinyl 

bromide  via  an  exchange  reaction  with  butyl lithium  met  with  cnly  limi  „ed 

roccess.  (CF  =CHBr  ♦  C.  HrI-i - *  CF=CHLi  +  C,  HJ3r)  Butvl  bromide 

2  4  9  2  u  9 

was  produced  in  34%  (Maxinvr)  yield,  indicating  this  degree  of  conversion 
to  the  desired  lithium  reagent  vsee  above  equation). 

Reaction  of  2 , 2 ~di fiuo rc viny  11  i in 1 urn  with  benzaldehyde  gave  a 
number  of  products  which  could  r.ot  be  separated  by  distillation  <^r  by 
GLPC.  One  of  these  had  a  GLC,  retention  time  similar  to  that  cf  «*-r. 
butyl  benzyl  alconol,  which  could  have  been  formed  by  reaction  of  bu+j_- 
lithium  with  benzaldehyde. 

In  reaction  of  2,2-difluorcvinyllithium  with  acetone,  the  lithium 
reagent  was  formed  in  16%  yield  (16%  Cj.H-Er  produced).  This  may  have 
been  due  to  the  fact  that  a  solution  of  butyllithium  in  ether,  and  not 
hexane,  was  used  for  the  exchange  reaction.  This  change  was  made  since 
the  desired  product  was  expected  to  have  a  CLC  retention  time  similar  to 
that  of  the  hexane.  It  was  later  shown  that  the  ether  solution  cf  butyl- 
lithium  used  contained  some  lithium  ethoxide.  During  the  work -up  pro¬ 
cedure,  it  was  evident  from  solution  ec'or  changes  that  sore  product  da- 


composition  was  taking  place.  The  product  obtained  (7  -  10%)  was  , --di¬ 
me  thylacrylic  acid  and  this  probably  arose  from  rearrangement  of  the  ex¬ 
pected  alcohol  as  shown  below. 


CF2=CHLi 


+  CH3COCH3  — -2— 


CH 


OH 

1^ 

CH,-C-CH=CI\. 

3  ! 

CH„ 


I3 


CH--C=CH-C 

3  \ 


HF 


l  H^O 


OH 


CH.-C=CH-C 

3  I  \p 

CH^ 


(7  -  10%) 


Initial  attack  on  the  uifluorometnylene  group  by  the  lone  pair  electrons 
of  the  oxygen  atom  is  postulated.  The  resulting  acid  fluoride  undergoes 
facile  hydrolysis  to  give  the  acid  with  the  accompanying  evolution  of 
hydrogen  fluoride  (some  glass  etching  was  observed).  The  difluoromethylene 
group  is  known  to  be  very  susceptible  to  nucleophilic  attack  and  there  are 
several  reports  of  rearrangement  of  similar  alcohols  or  their  lithium  salts 

/nq  Qq \ 

in  the  literature  ’  .  Apart  from  less  volatile  products,  two  with 

greater  volatility  than  ether  were  observed.  One  of  these  had  the  same 
retention  time  as  the  starting  halide  and  the  second  was  more  volatile. 

The  latter  might  well  be  raor.ofiucroacetylene,  arising  by  elimination  of 
lithium  fluoride  from  the  expected  lithium  reagent. 


CH2=CFLi - CH=£F  +  LiF 

TLfluorcallene  has  been  isolated  from  similar  reactions  of  trifluoro- 
isoprcpenyllithium 


CF  -C=CH  - »  CF  =C=CH  +  LiF 

3  j  ^  ^  ^ 

Li 

Reaction  of  2,2-difluorovinyllithium,  again  formed  via  an  ex- 


change  involving  an  ether  solution  of  butyllithium,  with  acetyl  chloride 
afforded  only  ethyl  acetate  (9%)  and  butyl  bromide  ( 13% ) •  The  ester  must 
have  arisen  by  the  following  scheme: 


c^h9"u  +  "  h:ch2ch2/ogh2ch;j 


C4H10  4  CH2=CH2  +  Li  °CH?H3 


CH^COCl  +  Li  flCK^CH^ 


CV< 

J  XOCH2CK? 


+  LiCl 


As  a  consequence  of  this  discovery,  the  use  of  butyllithium  in  ether  alcne 
for  these  exchange  reactions  was  abandoned. 

Reaction  of  2,2-difluorovinyllithium  with  cyclohexanone  gave  a 
product  which  decomposed  during  the  work-up  procedure.  Butyl  bromide  was 
obtained  in  34%  yield,  indicating  34%  formation  of  the  lithium  reagent. 

The  only  other  product  obtained  was  cyclohexylidine  acetic  acid  (25%) 
which  can  only  have  arisen  from  the  desired  alcohol  via  a  rearrangement 
similar  to  that  described  earlier. 


It  had  been  hoped  that  this  rearrangement  would  not  ha’  e  occurred  since 

it  required  the  formation  cf  an  exocyclic  double  bend. 

2,2,-Difluorovinylmagnesium  bromide  reacted  with  triraethylchlcro- 

silane  to  give  triroethyl-(2,2-difluorovinyl)siiar.e  in  low  yield  (17%). 

It  was  surprising  then  tc  find  that  the  corresponding  lithium  reagent  did 

not  give  any  of  the  desired  product  in  reaction  with  triethylchlorcsilane. 

GLC  again  indicated  that  the  product  which  formed  decomposed  during  the 

work-up.  The  desired  product  (CH.  CH  )  SiCH=CF  might  be  anticipated  to 

i  j 

be  of  limited  stability  in  view  of  the  reported  instability  cf  silicon 

( 81 ) 

compounds  containing  a  / -chlorinated  group  .  On  the  other  hand, 

( 

trialkyl(trifluorovinyl)silanes  have  been  prepared  without  difficulty  ’ 
The  conclusion  must  be  that  2,2-difluoroviryl  Grignard  and 
lithium  reagents  are  unsuitable  for  x*eacticn  with  aldehydes  etc.,  to  give 


alcoholic  products,  which,  cr  dehydration,  would  give  fluorinated  dienes, 
e.  i-Fluorovinyl  Organometallic  Compounds 

1-Fluorovinyl  bromide  does  not  have  a  terminal  difiuoromethylene 
group  in  the  molecule  and  therefore  it  was  hoped  that  the  Grignard  or 
lithium  reagent  from  this  halide  would  give  stable  products. 

l,?-Dibromo-l-fluoroethar.e  was  prepared  (bS%)  by  bromination  of 
vinyl  fluoride  in  the  presence  of  _ight.  Attempts  to  eliminate  hydrogen 
bromide  from  this  molecule  using  potassium  hydroxide  pellets  and  heating, 
either  alone  or  in  mineral  oil,  gave  1-bromo-l-fluoroethylene  (20  - 
along  with  an  undetermined  amount  of  monofl-oroacetylene.  The  latter 


initiated  considerable  minor  explosions,  flashes,  and  carbon  formation 

on  distillation,  rendering  the  preparation  of  the  halide  dangerous. 

{ 8? ) 

Mor.ofluoroacetyiene  is  known  to  decompose  at  its  boiling  point 

Treatment  of  1,2-dirromo-l-fluoroethane  with  potassium  hydroxide  in  ethanol 

gave  no  1-brorao-i-fluoroethylene. 

The  reaction  of  i-fluorcvinyi  bromide  with  butyllithium  followed 
by  addition  of  ethyl  methyl  ketone  gave  butyl  bromide,  again  in  low  yield 
(24^) ,  and  five  other  products  which  were  inseparable  by  GLPC  cr  dis¬ 
tillation  . 

Reaction  of  1-fluorovinyllithium,  prepared  in  the  usual  way,  with 
triet'nylchlorosilane  afforded  butyl  bromide  (36%)  and  triethylethynyl- 
siiane  (Et^SiC-CH)  (30 ejo) .  The  latter  compound  was  possibly  formed  by  the 
following  mute: 


CH,  =CF3r  +  C.  HnLi 

2  49 


CH2=CFLi  +  C4H9Br 


(1) 


(CH^CH^  )y>iCl  +  CH2=CFU  - >  (CH3CH2)3SiCF=CH2  +  LiCl  (2) 


(CH.CH_;  SiCF=CH  +  C.  H_Li 
3  2  2  u-  -j 


r 


or 


CH,=CFLi 


j(  CH3CK2  J3SiCF=CHIi 


-LiF 


(CI^CH.,)  SiC=CH  + 


*  C4H10  (3) 


or 

ch2=cfh 


LiF 


H 

(ClLCH„).Si-C5cC^ 

3  2  3  Yir 


(CH  CH  )  SiC=CH  +  C,  H, 

3  2  3  4  x<. 


+  LiF  (4) 


v~+ 


l- 


Li  NC4H9 


This  scheme  involves  formation  of  the  expected  product  triethyl(l-fluoro- 
vinyl) silane  by  steps  1  and  2  and  its  further  reaction  with  another  mole¬ 
cule  of  organoraetallic  reagent  to  give  triethylethynyl  silane.  The  latter 
process  might,  be  described  as  one  in  which  the  olefin:  c  proton  is  excharged 
and  the  product  (CH^CH^-jSiCF^CHLi  then  easily  eliminates  lithium  fluoride 
to  give  triethylethynyl  silane  (step  3).  Alternatively,  the  concerted 
mechanism  depicted  in  step  4  may  be  a  more  accurate  description  of  the 
route  to  the  acetylenic  product. 

Another  possible  method  of  product  formation  involves  production 
of  the  desired  lithium  reagent  ( CH^CFLi )  followed  by  1,1-elimination  of 
lithium  fluoride,  a  1,2-hydride  shift,  exchange  of  a  proton  in  the  acetylene 
produced,  and  reaction  of  this  new  lithium  reagent  with  triethyichlorosilane. 
Similar  reaction  sequences  have  been  creviously  postulated. 


CH2=CFBr  +  C4«9Li  * - -  Cn'2=CFLi  +  C^H  Br 

CH2=CFLi  - *•  CH  =C:  ♦  LiF 

CH  =C:  - »•  HfeCH  —4-:^  HC=CLi  +  C.  H., 

(CH^^SiCi  +  HC=CLi  - *■  (CH^CH^ )  Si-C=CH  +  LiCi 

Examples  of  this  type  of  reaction  are  given  later  in  this  report. 

It  might  be  possible  to  prepare  1 -flue rovinyliithium  by  reaction 
of  the  corresponding  bromide  with  lithium  metal.  This  would  mean  that 
there  was  no  excess  butyllithium  in  the  system,  thus  decreasing  the 
possibility  of  formation  of  the  acetylene.  It  has,  however,  been  found 
that  the  reaction  of  perfluorcvir.yl  bromide  with  lithium  gave  cr.ly  tar  and 
no  perfluorovinyllitnium  ^3^.  It  was  thought  that  reaction  of  triethyi¬ 
chlorosilane  with  1-fluorovinylmagi.esium  bromide,  which  is  less  basic  in 
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charao'er  than  the  corresponding  lithium  reagent,  would  give  th  desired 
product.  It  was  found  tc  be  impossible  tc  prepare  the  above  Grignard 
reagent  either  in  ether  or  tetrahydrofuran. 

In  view  of  these  difficulties  it  was  decided  tc  abandon  the  use  of 
this  organometailic  reagent  ir.  the  attempted  synthesis  of  dienes. 

f .  Tri f luo re - i s  o pro  peny 1 1 i thi um 

The  preparation  of  lithium  derivaties  and  Grigr.ard  reagents  of 
several  flue ro -organic  compounds  has  been  accomplished  by  the  direct  re¬ 
action  of  lithium  or  magnesium  with  flue ro -organic  halides*,  and  also  by 
means  of  the  exchange  reaction  between  a  Grignard  reagent  or  alkyllithium 
with  a  flue rc -organic  halide*  or  a  flue rc -organic  compound  containing 
"acidic"  hydrogen  atoms. 

Thus,  in  order  tc  prepare  triflucrciscprc lenyl  derivatives,  it  seemed 
reasonable  to  use  l,l,l-triflucro-2-brcr.o-prcpene-2  (CF^CBx^CH,),  trifluoro- 
iscpropenyl  bromide,  as  starting  malarial. 

g.  Preparation  of  Tri fluo revise pro penyl  Bromide 

T ri flue rc-isc pro per.yl  bromide  was  readily  prepared  by  a  two-step 
synthesis: 

(1)  The  quantitative  breminatien  cf  trifluoropropene  tc  give  tri- 
flucrodibromcpropane,  followed  by, 

(2)  Dehydrobrcnination  of  this  saturated  compound  to  the  desired 
olefin  ir.  almost  quantitative  yield. 


cf3ck=ch2 


-§£2  — 
light 


CF^CHBrCH^Br 

quant. 


KOH _ 

no  solvent 


CF3CBr=CH2 


The  second  step  was  accomplished  by  the  addition  of  tri flue rodibremopre pane 
to  potassium  nydrexide  pellets  in  the  absence  of  solvent  and  allowing  the 
product  to  distill  from  the  system  as  it  was  formed.  This  procedure  proved 
more  suitable  than  that  reported  by  ether  workers  using  ethanol  as  a 
solvent  . 

*  halide  =  I,  Br 


# 


i 


k  1 

i  I 


h.  Hetallation  of  Trifluoro-isopropenyl  Bromide 


The  initial  attempts  to  prepare  trifluoro-isoprcpenyllithium  by  the 
exchange  reaction  between  butyllithium  and  trifluoro-isopropenyl  bromide 
were  unsuccessful.  Typical  of  these  early  experiments  was  that  in  which 
trifluoro-isopropenyl  bromide  in  diethyl  ether  was  treated  with  butyl- 
lithium  in  mixed  solvent  (hexane/diethyl  ether)  at  -78°.  The  reaction 
mixture  was  allowed  to  stand  for  $0  minutes  while  maintaining  the  temperature 
-78°  and  then,  after  warning  to  -60°,  dry  carbon  dioxide  was  bubbled  into 
the  solution.  The  introduction  er  carbon  dioxide  was  continued  as  the  re¬ 
action  temperature  was  allowed  to  attain  that  of  the  room.  The  reaction 
mixture  contained  a  solid  suspension  which  was  shewn  to  be  lithium  fluoride 
together  with  polymeric  organic  material.  So  carbcxyiic  acid  was  isciatec. 
Apparently,  if  the  desired  lithium  derivative  had  been  formed,  it  decom¬ 
posed  before  carbonation  could  take  place. 

Similarly,  when  irifluorc-isoprcpenyl  bromide  in  ether  was  added  to 
butyllithium  in  a  mixed  solvent  (hexane 1  ether)  at  -';SC  and  allowed  to  stand 
for  30  minutes  at  that  temperature  before  an  ethereal  solution  of  benzal- 
dehyde  was  added,  none  of  the  desired  trifiuerc-iscprcpenyl  adduct  cf  benz- 
aldehyde  was  formed.  Vlp.c.  analysis  shewed  unreacted  ber. zaldehyde  and 
butylbromide  were  present,  together  with  a  smal)  amount  {--5$)  of  higher 
boiling  material,  in  the  reaction  product.  Infrared  spectrcs~-;:V'  •  posted 
that  this  higher  boiling  compound  was  net  a  carbinol  but.  prcbabl’ a 
fiuorcclefin  containing  a  butvi  group,  e.g.,  CF,-CBr-CH_-C,  H_. 

£  £  —  'i 

An  insoluble  solid,  separated  from  the  reaction  mixture  by  filtration 
was  shown  tc  be  lithium  fluoride,  produced  in  60  -  65 %  yield. 

From  the  results  cf  these  and  several  other  exploratory  experiments, 
it  seemed  that  trifluoro-isoprcpenyllithium  was  formed  in  an  exchange  re¬ 
action  with  butyllithium  in  diethyl  ether  solution,  since  butyl  bromide  was 
produced,  but  under  the  conditions  used  (temperatures  -7 S'* )  the  lithium 
compound  was  so  unstable  that  it  decomposed  before  reaction  with  the  desired 
carbonyl  reagent  could  occur.  Also,  it  appeared  advisable  to  add  butyl- 
lithium  tc  triflucro-iscproper.yl  bromide  rather  than  vice-versa  in  order 
to  reduce  the  possibility  cf  si^e  reactions. 


With  these  considerations  in  mind,  a  further  attempt  to  prepare  the 
trifluoro-isoprcpenyl  aaduct  of  benzaiienyde  was  made.  A  solution  of  butyl- 
lithium  in  mixed  solvent  (hexane/ether) ,  preccoied  to  -73°,  and  an  etnereal 
solution  of  benzaldehyde  were  added  alternatively  in  aliquots  to  a  stirred 
ethereal  solution  of  trifluoro-isopropenyl  bromide  at  ~9C/  (ethanol/liq. 

N2  bath).  After  the  final  addition  of  reactants,  the  temperature  was 
maintained  at  -95°  -  90°  for  a  further  2  hours  and  then  allowed  to  rise 
slowly  to  that  of  the  room.  Aqueous  acid  was  added  and  the  organic  layer 
analyzed  by  v.p.c.  Butyl  bromide  together  wii,h  two  higher  boiling  products 
were  present,  but  no  unreacted  berzaldehyde  was  observed.  Fractionation 
cf  the  dried  ethereal  layer  yielded,  at  atmospheric  pressure,  butyl  bromide 
(33$  yield),  and,  at  reduced  pressure,  the  two  products,  which  were  shown 
to  be: 

(1)  <<-(trifluorc-isoprcpenyl/benzyi  alcohol,  b.p.  122“ /2l  mra.Hg 
(32$  yield) ,  and 

(2)  «< -butyl  benzyl  alcohol,  b.p.  95'"/i  nau.  Kg  (13$  yield) 

Analytical  samples  of  these  compounds  wore  obtained  by  prep,  scale 

v.p.c. 

Thus,  by  applying  a  lower  reaction  temperature  and  the  aliquot 
a-.^tion  technique,  it  was  possible  to  prepare  triflucro-isoproper.yi- 
lithium  and  trap  it  by  reaction  with  a  carbonyl  compound.  Since *< -butyl 
benzyl  alcohol  is  also  produced  in  the  reaction,  it  would  seem  that  com¬ 
petition  between  the  fluorc-crganic  lithium  derivative  and  butyllithium  for 
reaction  with  the  carbonyl  compound  occurs.  i 


CF^CBreCH^  - — — *  BuBr  +  CF^CLKt^ 


BuLi 


PhCHO , 


OH 

I 

Ph-C-Bu 

I 

H 


OH 

I  CF 
H  J 


-  7n 


Preparation  of  Substituted  Butadienes 

If  the  type  of  reaction  described  above  could  be  accomplished  with 
carbonyl  compounds  in  general,  then  it  seemed  likely  that  reaction  with 
compounds  to  produce  carbinol  possessing  hydrogen  on  a  «<-carbon  atom  wou1 d 
be  capable  of  dehydration  and  sc  afford  a  general  route  to  substituted 
butadienes . 

Thus,  using  the  same  technique,  trifluoro-isopropenyiiithium  was 
prepared  and  reacted  with  acetone  at  -90°.  After  the  final  addition  of 
reactants,  the  mixture  was  maintained  between  -9'"'°  and  -80°  for  1-1/2 
hours  and  then  allowed  to  warm  slowly  to  room  temperature.  Addition  of 
aqueous  hydrochloric  acid  was  followed  by  separation  and  drying  of  the 
ethereal  layer.  V.p.c.  analysis  showed  that  butyl  bromide  was  present  to¬ 
gether  with  an  approximately  equivalent  amount  of  product.  A  very  small 
quantity  ( 2 %  yield)  of  a  high-boiling  product  was  also  observed. 

Fractionation  yielded: 

a.  butyl  bromide  (43%) yield  and, 

b.  the  major  product,  b.p.  116  -  !1?~  which  was  shown  tc  be  di¬ 

methyl^  trifluoro-xsoprcpenyl ) -carbinol  (461)  yield 

The  small  amount  of  high-boiling  product  was  probably  dimethyl  buty 
carbinol . 


CE^  CLi=Cri, 


d 


46% 


Dimethyl  (triflucro-isopropenyl)  carbinol  was  successfully  dehy¬ 
drated  by  heating  with  phosphorus  pentoxide  to  give  2-trifiucrcraethyi-3- 

^  o  c 

methyl  butadiene,  b.p.  64  -  65  ,  in  49%  yield. 


^CH„  _ P,Oe_*  CH  =C C— CH  U9% 

CHr^  VOH  3  2  -  II 

J  rs?  nH 


When  this  butadiene  was  sealed  in  a  tube  fcr  several  days,  polymerisation 
took  place  to  produce  a  clear  elastomeric  material. 

Acetaldehyde  was  also  reacted  with  triflucrc-isopropenyilithiun  at 

Q 

-IOC  using  the  technique  described  above  to  produce  the  desired  secondary 
alcohol,  2-trifiuonomethyl-but-l-en-3-ol,  b.p.  110''  -  111°  in  44%  yield. 


CH^CHO  ♦  CF3CLi=CH2 


cKc^s 

NlH 


44% 


Dehydration  of  this  alcohol  also  was  accomplished  by  heating  with 
phosphorus  pentoxide,  to  give  what  is  probaoly  the  known  compound  2-trifluorc- 
methyl-butadiene,  b.p.  34  -  35°  (lit.  35  -  35-5°/'  in  84%  yield.  In- 

1  IQ 

frared,  ri  and  'L'/F  NMR  spectra  are  consistent  with  this  structure. 


% 


/ 


CF„ 


^OH 


CH. 


CH  =C-CH=CH 

2 1  2 
CF_ 


84% 


Ethyimethyl  ketone  reacted  with  trifluoro-isopropenyliithium  at 

Q 

-90  ,  using  the  aliquot  technique,  to  produce  the  desired  carbincl,  ethyl 
methyl  (triflucro-isopropenyi)  carbinol  b.p.  130^  -  131°,  in  42%  yield. 


CF3CLi=CH, 


f2H5 

c=o 


CH. 


r  'J 


-C—C 


5 1- 


CF. 


*CH_ 


42% 


-  Cl  . 


Dehydration  of  this  alcohol,  by  heating  with  phosphorus  pent  oxide,  gave  a 

Mixture  of  two  compounds,  boiling  range  ?0°  -  90°  wtuch  was  shJwn  by  analysis, 
19  L 

I.  R.,  F  and  n  HHR  spectroscopy  to  contain  a  3;2  isomeric  mixture  of 
substituted  bentadienes  in  78%  yield. 


3  :  2 

Acetophenone  was  allowed  to  react  with  triflooro-isoprcpenyllithium 
which  had  been  prepared  by  addition  of  butyllithiur  ir.  mixed  solvent  (pen¬ 
tane/ether)  to  trifluoro-isopropenyl  bromide  in  ether  at  -110°  -  3°  in  a 
single  batch.  At  this  temperature,  apparently  the  exchange  reaction  oc¬ 
curred  and  the  trifluoro-isopropenyllithiu®  formed  was  sufficiently  stable 
to  exist  until  the  ketone  was  added  after  10  minutes,  since  the  desired 
carbinol  was  produced,  after  work -up,  in  51%  yield. 


Phenylmethyl( trifluoro-isopropenyl )  carbinol  was  dehydrated  by  heating  with 
phosphorus  pentcxide  tc  140°  for  1  hour  under  reduced  pressure.  The  product 
was  then  vacuum  distilled  from  the  system  tc  give  2-phenyi-3- trifluoro methyl- 
butadiene  . 


.  r-2  - 


The  reaction  between  trifiuoro-isopropenyllithium  and  tri flue rc ace tone  has 
been  studied.  In  none  of  the  several  experiments  performed  was  the  desired 
trifluoro-iscpropenyl  methyl  trifluoromethyl  carbinol  formed,  but,  depending 
on  the  reaction  conditions,  mixtures  of  butylmethyltrifluoromethyl  carbinol 

1*3 

(C4H9-C-OH) ,  and  1, 1,1, 5, 5» 5-hexafIuoro-2-methyl-pentan-4-on-2-cl 

*****  with  some  ^latively  involatile  white  solid 

0  OH 

material,  which  was  probably  a  pyrar  derivative  formed  by  the  cyciisation 

( 70 ) 

reaction  of  trifluoroacetone  v 

Even  in  experiments  ir.  which  good  yields  of  outyl  bromide  were  ob¬ 
tained,  indicating  the  formation  of  trifiuoro-isopropenyllithium,  no  desired 
carbine!  was  produced.  Thus ,  it  would  appear  that  the  trifiuoro-isopropenyl 
"carbanion"  preferentially  abstracts  a  proton  from  trifluoroacetone  before 
attack  on  the  carbonyl  function  car.  occur. 


CF  CBr=CH  +  C,  HnLi 


CF3-|=CH2  +  BuBr 


>0=0 


C, H--C-OH 
“  9  , 


CF-C-CHLi  +  CF  CH=Ch* 

3  J  2  3  2 


CL  .OH 

/  QH  >^3 

\Fj  —  ]  I  CH3 

HO/XCF, 


i  3  CH3 

CF  -C-CH  -C-CF. 
3  |  2  1  3 

0  OH 


Decomposition  of  Trifluoro-isopropenyllithium 

Since  the  preceding  evidence  appeared  to  suggest  that  trifluoro-iso- 
propenyl  magnesium  bromide  decomposed  to  give  an  allene,  it  was  decided  tc 
investigate  the  controlled  decomposition  of  trifluoro-isopropenyllithium, 
prepared  in  the  manner  previously  described.  Trifluoro-isopropenyl  bromide 
in  ether  was  treated  with  butyllithium  in  mixed  solvent  (hexane/ether)  at 
-90°.  The  temperature  was  maintained  at  -90°  for  a  further  }0  minutes  and 
then  allowed  to  warm  to  room  temperature.  The  over-gases  were  condensed 
in  an  acetone/diy  ice  trap.  The  solution  became  colored  (yellow/brcwn)  at 
approximately  -30°  and  the  formation  of  a  precipitate  increased  as  the 
temperature  rose.  This  solid  was  filtered  and  shown  to  be  lithium  fluoride 
(1.4  gm.,  95%)  together  with  some  polymeric  organic  material. 

The  organic  solution  from  the  reaction  was  examined  by  v.p.c.  and 
shown  to  contain  only  ether,  hexane  and  butyl  bromide. 

Fractionation  gave  butyl  bromide  (5.8  gm.,  74%  yield).  The  over¬ 
gases  from  the  acetone/dry  ice  trap  were  distilled  to  give  a  compound  b.p. 

o  o  ( 35} 

-20  -  -21  with  an  i.r.  spectrum  identical  to  that  of  difluoroallene  . 

Yield  of  difluoro-allene,  3.1  gm.,  ?2%.  (lit.  b.p.  -20°; 

CF3CLi=CH2  - >  CF2=C=CH2  +  LiF 

A  sample  of  difluoroallene  was  sealed  in  a  tube  and  allowed  to 
stand  at  room  temperature  for  several  days  to  give  a  viscous  polymeric  semi¬ 
solid  material. 

Reaction  of  Trifluoro-isopropenyllithium  with  Triethylchlorosilane 

In  pursuing  the  further  possibilities  of  reactions  involving  trifluoro- 
isopropenyllithium,  the  reaction  with  triethylchlorosilane  was  studied. 
Trifluoro-isopropenyllithium  was  prepared  by  the  batch  method,  i.e.,  all  the 
butyllithium  was  added  over  5  minutes  to  trifluoro-isopropenyl  bromide  at 
-110°  and  after  a  further  20  minutes  treated  with  triethylchlorosilane  at 
-100°.  The  temperature  was  allowed  to  r*se  slowly  to  that  of  the  room.  A 
white  precipitate  formed,  was  filtered  and  shown  to  contain  no  organic 
material.  The  dried  solid  was  weighed,  stirred  in  boiling  water,  filtered 
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36 

3 

I 

I 

* 

and  the  solid  redried  and  reweighed.  This  solid  was  lithium  fluoride.  The  I 

I 

aqueous  filtrate  gave  a  positive  test  for  chloride  when  treated  with  silver  3 

nitrate  solution.  From  this  separation  it  was  estimated  that  the  solid  con-  * 

sisted  of  lithium  fluoride  and  lithium  chloride  produced  in  61%  yield  and  ; 

29%  yield,  respectively.  * 

The  organic  solution  from  the  reaction  mixture  was  examined  by 
analytical  v.p.c.  Unreacted  triethylchlorcsilane  with  an  approximately  equal 
quantity  of  butyl  bromide  was  present,  also  a  product  of  slightly  longer 
retention  time  than  butyl  bromide.  A  pure  sample  of  this  product  was  ob¬ 
tained  by  prep,  scale  v.p.c.  and  shown  to  be  triethylfluorc silane,  b.p. 

109°  (lit.  b.p.  110°).  The  i.r.  spectrum  of  this  compound  was  iden¬ 

tical  to  an  authentic  sample  of  triethylfluorosilane.  Estimated  yield  of 
triethylfiuorcsilane,  17%  (by  v.p.c.). 

The  mechanism  of  this  reaction  and  the  route  by  which  the  fluorosilane 
was  formed  is  not  clear,  but  possibly  initial  formation  cf  triethyl(tri- 
fluoro-isoproper.yl) silane,  followed  by  fluorine  migration  to  the  silicon 
atom  '  with  the  elimination  of  difluoroallene  took  place. 


CF^CLi=CH 


Et^SiCl 


Et^SiCf^  * 

^  \  oh' 


LiC] 


Et^SiF 


cf2=c=ch2 


Lithium  flu-~id.de  did  not  react  with  triethylchlorcsilane  under  the  con¬ 
ditions  described  above. 

Carbonation  of  Trifluoro-isopror-enyllithium 

Several  attempts  to  carbonate  tnfluorc-isoprcper.yllithium  h3ve  been 
made.  When  butyllithium  is  added  to  trifiuorc-isopropenyi  bromide  at  tem¬ 
peratures  -78°,  the  fluoro-organic  metal  compound  decomposes  before 
carbonation  can  occur. 

Thus,  while  the  aliquot  technique  is  suitable  for  reactions  in  which 
the  second  reactant  (e.g.  ketone)  can  be  added  quickly,  before  complete  de¬ 
composition  of  the  trifluoro-isoprcpenyllithium  takes  place,  reactions  such 
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as  earbonation,  in  which  the  second  reactint  is  bubbled  into  the  mixture, 
require  a  different  technique.  To  prevent  excessive  decomposition  of  tri- 
fluoro-isopropenyllithium,  it  was  decided  to  lower  the  reaction  temperature 
further.  At  lower  temperatures  exchange  metallation  reaction  proceeds 
more  slowly  so  that  the  experimental  technique  employed  must  be  modified. 

A  typical  example  of  this  batch  technique  is  described  below. 

Butyllithiua  in  mixed  solvent  (pentane/ether),  precooled  to  -?3°, 
was  added  to  trifluoro-i'sopropenyl  bromide  in  ether  at  -110°  -  3°  over 
5  minutes.  During  a  further  10  minutes,  the  temperature  was  allowed  to 
rise  to  -100°  and  dry  carbon  dioxide  bubbled  into  the  reaction.  The 
introduction  of  carbon  dioxide  was  continued  until  the  reaction  temperature 
attained  -78°.  The  passage  of  carbon  dioxide  was  then  stopped  and  the 
reaction  allowed  to  warm  to  room  temperature.  Hydrochloric  acid  was  added 
and  the  ether  solution  separated,  and  dried.  Distillation  gave  butyl 
bromide  (60$)  yield  and  a  white  crystalline  residue  of  crude  acid  (56$ 
yield).  This  was  sublimed  and  a  pure  sample  obtained  by  p~ep.sc3le  v.p.c. 
The  acid  was  shown  to  be  2-trifluoromethyl  acrylic  acid,  ra.p.  50°  -  51° 

(lit.  (93J  50-52°). 

L  IQ 

The  infrared,  n  and  'F  NMR  spectra  were  consistent  with  this 


structure. 


CF  CBreCH  CF CLi=CH  - 

*  i  2.  HCL 


^■^C-COOH 


Attempted  Replacement  of  Fluoride  Ion  by  Trifluorc-isopropenyl- 
lithium 

Many  organo-lithium  compounds  have  beer,  used  in  nucleophilic  sub¬ 
stitution  reactions  to  replace  fluorine  by  the  organic  group  of  the  re¬ 
agent.  Thus,  it  was  decided  to  explore  the  possibility  of  using  trifluoro- 
isopropenyllithium  to  perform  such  a  reaction. 

Trifluoro-isopropenyllithium  was  prepared  at  -100°  by  the  aliquot 
method  and  treated  immediately  with  hexafluorcbenzene.  The  temperature 
was  maintained  at  -100°  for  two  hours  ar.d  then  allowed  to  warm  slowly  to 
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room  temperature  overnight.  After  work-up,  butyl  bromide  was  shown  to  be 
present  together  with  unreacted  hexafluoro benzene,  but  no  useful  substitu¬ 
tion  products  were  detected. 

Similarly,  when  trifluorc-isopropenyllithium  ;as  treated  with  1,1- 
difluorodichloroethylene  at  -lO'J  and  allowed  to  warm  to  room  temperature, 
no  useful  substitution  products  were  observed.  Butyl  bromide  was  produced 
in  57%  yield,  and  the  unreacted  fluorcchloreolefin  recovered. 

In  both  reactions  trifluoro-isoprcpenyllithium  was  formed,  as  con¬ 
firmed  by  the  production  of  butyl  bromide,  but  obvious.-y  the  reagent  de¬ 
composed  before  nucleophilic  replacement  of  fluorine  in  the  benzene  or 
ethylene  by  trifluoro-isopropenyl  carbanions  could  occur.  These  experi¬ 
ments  again  demonstrate  the  overriding  feature  of  this  work,  that  it  is 
absolutely  necessary  for  trifluoro-isopropenyllithiun  to  attack  the  other 
reagent  at  temperatures  below  approximately  -78°,  otherwise  no  useful 
products  are  produced. 

Attempted  Preparation  of  Lithium  Derivaties  from  Trifluoropropene 

There  have  been  a  number  of  reports  (J3«92,93»9^  exchange  of  hy¬ 
drogen  atoms  in  unsaturated  compounds  with  lithium,  from  an  alkyl  lithiun 
reagent,  to  give  a  new  lithium  derivative  of  the  unsaturated  compound. 

It  was  decided  to  study  the  reaction  of  butyllithium  with  trifluoro¬ 
propene  with  a  view  to  preparing  new  fluo re -organic  lithium  compounds. 

e.g.  CF3CH=CH2  +  Bull - ►  CF^CL^CH,  +  BuH 

It  was  found,  however,  that  reactions  cf  the  type  described  above 
did  not  take  place. 

Several  experiments  were  v*  ’-formed  under  varying  conditions  in  which 
trifluoropropene  was  treated  witn  butyllithium  in  ether  at  low  temperature. 
Typical  of  these  was  one  in  which  trifluoropropene  in  diethyl  ether  at  -95° 
was  treated  with  butyllithium  in  pentane  Aether  solution. 

After  maintaining  the  temperature  at  -95°  -  2°  for  one  hear,  acetone 
was  added  and  the  mixture  allowed  to  warm  slowly  to  room  temperature. 

The  only  product  isolated  aft-r  vcr-c-un  was  butyl  dimethyl  carbinol  in  6°% 

-  7  - 


t 


i 


5 


yield.  Obviously  no  exchange  reaction  took  place,  leaving  unchanged  butyl- 

lithium  free  to  react  normally  wich  acetone. 

It  was  known  from  previous  work  that  triflucro-isopropenyllithium 
was  unstable  arid  tended  to  eliminate  lithium  fluoride  with  the  production 
of  1,1-difluoroallene.  To  further  test  whether  any  exchange  metallation 
occurred  with  the  2-hydrogen  atom,  a  reaction  was  carried  out  in  which 
trifluoropropene  in  diethyl  ether  at  -100°  was  tre '  . ed  with  butyllithium 
and  the  mixture  allowed  to  warm  tc  room  temperature.  The  mixture  de¬ 
veloped  a  yellow  coloration  and  became  gelatinous  (probably  with  pre¬ 
cipitated  lithium  fluoride).  A  slow  current  of  nitrogen  was  bubbled  through 
the  mixture  and  the  over-gases  collected  in  an  acetone /CO^  trap. 

The  trap  did  not  contain  diflucroaller.e,  indicating  that  no  exchange 
metallation  occurred.  The  ethereal  solution  contained  a  mixture  of  three 
products,  which  were  separated  by  prep,  scale  v.p.c.  and  shown  to  be 
1,1-difluoroheptene-l  (5%),  and  an  inseparable  mixture  of  cis  and  trans 
5-fluoroundecene-5-  (25%) 

These  products  were  obviously  formed  by  the  addition  of  butyllithium 
across  the  double  bond  in  trifluoropropene  followed  by  elimination  of 

/  QO  \ 

lithium  fluoride  to  give  the  heptene  '  ' .  Nucleophilic  replacement  of 

fluorine  by  a  butyl  carbanion  on  the  terminal  difluororaethylene  gro-  would 
produce  the  undeesnes. 

-I  i  F 

CF3CH=CH2  +  BuLi - 9  CF^CHLiCK^Hg  - =*-*>  CF,=CH-CH2-C^H9 

BuLi 

c4h9cf=chch2c4h9 

G .  Trifluoropropyn-|rllithium 

At  this  stage,  in  view  of  the  results  to  date,  it  would  be  useful 
to  summarize  some  of  the  desirable  structural  features  of  any  n-»w  unsat¬ 
urated  fluoro-organometallic  reagent  cnosen.  Three  main  features  must  be 
considered . 
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(1)  Tnere  must  not  be  a  terminal  difluoromethylene  group  in  the 
molecule  since  this  could  give  rise  to  products  of  attack  on  this  group 
by  nucleophiles  in  the  system,  or  to  rearrangement  of  the  normal  reaction 
products  (e.g.,  alcohols  -  <,  f  -unsaturated  acids.) 

(2)  It  would  also  be  undesirable  to  have  halogen  on  the  carbon 
adjacent  to  that  carrying  the  lithium  atom  since  there  is  then  an  easy 
route  for  decomposition  of  the  organonetallic  reagent  via  elimination  of 
lithium  halide.  It  has  beer,  found  that  triflucro-isopropenyllithium,  with 
substrates  of  limited  reactivity,  decomposes  in  this  way  to  produce  di- 

f luorcallene . 


CF  -C=CH  +  RCOR"  Normal  +  CF  =C=CH  i-  LiF 

^  |  '  products 

Li 

(3)  There  are  a  number  of  reports  in  the  literature  of  exchange  of 
an  olefinic  proton  with  an  organometallic  reagent  to  give  a  new  unsatuiated 
organonetallic  compound.  Kobrich  and  Flory  treated  CH2=CHCi,  trans- 

CHC1=CHC1  and  C12C=CHC1  with  butyllithium  at  -110°  and  then  added  carbon 
dioxide  after  stirring  for  one  hour.  The  products  were,  respectively, 
CH^^CCICOOH,  trans  C1CH=CC1COOH ,  and  Cl^OCClCOOH  in  almost  quantitative 
yield  and  these  can  only  have  arisen  via  initial  proton  exchange.  The 
reaction  of  vinyl  chloride  with  butyllithium  at  higher  temperatures 
followed  again  by  carbonation  afforded  acetylene  dicarboxylic  acid  by 
the  following  route: 


,  rCH2=c-ci 

1  or 

UcHLi=CHCl 


ch2=chc 


CHLi=CHCl 


CH  =C: 

i 

H-C=C-H 


H0?C-C=C-C02H 


LiC-CLi 


Similarly,  reaction  of  vinyl  bromide  with  butyllithium  in  ether  at  0°  and 
subsequent  carbonation  gave  acetylene  dicarboxylic  acid  (>4%)  (90) .  These 


acetylene  formation  reactions  involved  preton  rather  than  halogen  exchange, 
elimination  of  lithium  halide,  further  exchange  -with  the  more  acidic 


tyler.ic  protons,  and  carbonation  of  the  dilithio  compound.  Similar  treat- 
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went  of /'-bromostyrene  gave  PhC=C-COOH  (42.5$)*  This  reaction  has  been 

(91) 

further  studied  by  Cristol  and  Bly  and  they  proposed  an  ^-elimination 

mechanism  on  the  basis  of  studies  with  cis  and  trans-isomers . 

^Li 

PhCH=CHBr  +  PhLi  - *  PhCH=C^  [PhCH^cTj  *  LiBr 

Br  w 

PhC=CC»2H  4-^2-  PhC=C-Li  < P— —  PhCsCH 

The  following  interesting  reaction  is  described  by  Curtin  and  Crump 


Ph  Br 

Ph 

\c=c^ 

Li  . 

^C=CH_ 

+ 

PhC=r_CH. 

CRy 

CH^  2 

XLV 

XLVI 

XLVII 

Compound  XLVI  must  have  been  formed  by  abstraction  of  a  proton  from  XLV 
by  the  lithium  reagent  resulting  from  halogen  exchange  in  XLV.  The  most 
likely  rout;  to  XLVTI  involves  proton  exchange  in  XLV,  elimination  of 
lithium  bromide,  and  1,2-  migration  of  the  methyl  group.  Several  other 

examples  of  preferred  proton  exchange  in  the  presence  of  halogen  are  given 
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by  Norraant  '  '  in  a  paper  on  the  reaction  of  organometaliics  with  haloole- 

fins  and  acetylenes. 

As  described  earlier,  2,2-diflucrovinyl-  and  1-fluorovir.yllithiun 
reagents  were  not  formed  in  high  yield  when  ar.  exchange  reaction  of  the 
corresponding  bromides  was  attempted  with  butyliithium.  it  is  i.ct  incon¬ 
ceivable  that  proton  exchange  was  also  taking  place,  thus  gi.dwg  :ise  tc 
some  of  the  numerous  reaction  possibilities  described  below. 

CF2=CKBr 

or  +  C,,H^Li 

CH  ,-CFBr 


CF2=CKLi 

or  BCOR~  ^  Normal  products 

CH2=CFLi 


-  no  - 


Normal  products 


CF-^Ci’Br 


CF,=CLiBr 


or 


+  SH9Li 


or 


RCOR' 


CH,=CFBr 


CHLi=CFBr 


Alternatively,  any  of  the  above  lithium  reagents  could  eliminate  lithium 
halides  and  the  acetylenic  products  could,  by  further  exchange,  give  new 
lithium  reagents  which  would  also  react  normally  with  ketones  etc.. 


CF^ -CHLi  - 

_-LiF_, 

CF=CH  - * 

CF=CLi 

CH2=CFLi 

CH2=C:  - »  CH=CH  - » 

LiCsCH  or  LiC=CLi 

CF2=Cl.iBr  - 

-LiBr 

cf2=c:  - =>  : 

CF2'-CLiBr  - 

-LiF 

"  t 

o?ECBr - * 

CF=CLi 

CHLi=CFBr 

-LiF 

- » 

CH=CBr  - — * 

LiCsCBr  or  CHsCLi  or  LiCaCLi 

CHLi=CF3r 

-LiBr  ( 

CH=CF  - > 

LiCiCF 

In  reaction  of  2,2-difluorovinyl  bromide  and  1-fluorovinyl  bromide  with 
butyilithium  followed  by  addition  of  aldehydes  and  ketones,  numerous 
products  were  indicated  by  GLC  but  none  of  those  isolated  contained  an 
acetylenic  group.  However,  one  of  the  possible  routes  to  triethyl  ethynyl 
silane  involves  the  latter  type  of  scheme. 

To  summarize,  any  new  lithium  reagent  chosen  should  not  contain  (I) 
a  terminal  difluoromethylene  group  (2)  lithium  and  halogen  atoms  on  ad¬ 
jacent  carbon  atoms  or  (3)  "acidic"  protons. 

These  conditions  are  satisfied  ir.  3>3»3-*^f-uoropropynyllithiura  and 
so  we  would  expect  the  latter  reagent  to  give  good  yields  of  alcoholic 
products  on  reaction  with  aldehydes  and  ketones.  This  reagent  was  pre- 
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Fared  from  3,3,3-trifluoropropyne  via  exchange  of  the  proton  with  butyl - 
lithiura.  The  above  propyne  was  prepared  by  dechlorination  of  1,1,2-tri- 
chloro-3,3,3-trifluoropropene-l  using  zinc  dust  ir  dimethylfomamide 

A  literature  search  has  revealed  that  a  number  of  trifluoropropynyl 

■etal  compounds  have  already  been  prepared,  e.g.,  CF.C=CAg,  CF.C=CCu  and 

(CF^feCD^Hg  .  Trifluoropropynylmagnesium  bromide  has  been  made  and 

reacted  with  acetone  to  give  the  desired  alcohol  in  high  yield  (75%) 

Trifluoropropynyl  zinc  (or  CF^GsCZnCl)  is  also  known  (96).  Recently  the 

the  latter  compound  has  been  treated  with  cupric  chloride  and  a  number  of 

oxidation  products  including  the  diyne  C^.CeC-GeC-CF^  were  isolated 

(90)  3  3 

There  is  a  recent  report  of  the  preparation  of  trifluoroprcpynyl- 

lithiim  by  reaction  of  trifluoropropyne  with  lithium  amide.  The  lithium 
reagent  and  the  corresponding  Grignard  were  used  to  introduce  trifluoro- 
propynyl  groups  into  steroids  by  reaction  with  steroidal  ketenes . 

In  this  laboratory  trifluoropro pynyl lithium  was  prepared  by  reaction 
of  trifluoropropyne  with  butyllithium.  Good  yields  of  alcohols  have  been 
obtained  by  reacting  trifluoropropynyllithium  with  various  aldehydes  and 
ketones  (Table  XIII). 

Reaction  with  triethylchlorosilane  gave  triethyl (trifluoropropynyl) 
silane  in  high  yield  (81%).  The  cores ponding  triflucroprcpynyl  magnesium 
iodide  has  been  reacted  previously  with  various  organometallic 
halides  and  the  substitution  products  obtained  in  good  yield. 

Reactions  with  benzonitrile  and  dichlcrodifluoroethylene  gave  in¬ 
soluble,  non-melting  solids  but  no  monomeric  organic  products. 
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TABLE  XIII 


REACTION  OF  FLUORINATED  UNSATURATED  ORGANOMETALLIC  COMPOUNDS 

WITH  CARBONYL 

COM  POINDS 

AND  TRIETHYLCHIOROSILANE 

Organonetalli c 
Reagent 

Reactant 

Product 

Yield 

CF2=CFTlgBr 

tf2cicocf2ci 

CF2=CF-C(CF2CC1/'20H 

55 

CF2=CF«gBr 

cf3cocf3 

cf2=cf-c(cf3)2oh 

65 

0 

CF?=CHLi 

OLCOOL 

jl 

CK^C(CH  )=C-C-OH 

5  J 

9 

CFp=CKLi 

__  ^ 0 
0-4 

25 

CF2=CHMgBr 

cf3cocf3 

CF2=CH-C(CF  >2GH 

5-10 

CF2=CHMgBr 

Me3SiCl 

Me3SiCH=CF2 

17 

CF2=CHLi 

E^SiCl 

no  stable  product 

•  • 

CH2=CFLi 

ch3coch2ch3 

5  inseparable  products 

•  • 

CH2=CFLi 

E^SiCl 

Et„3iC=CH 

5 

30 

CF^CLi=CH2 

CH  COCH3 

OK  CH 

1,  II2  (a) 

CK3-C(CH3)-C-CF3Vay 

46 

CF3CLi=CH2 

CH3COCH2CH3 

0H  CH 

CH  CH  C(CH  )-C^f  2  (b) 

*  ~  J  CF_ 

fz 

42 

CF3CLi=CH2 

CF3C0CH3 

CF-C-CH-C-CF 

3  II  2  |  3 

0  OK 

variable 

CF3CLi=CH2 

CH3CHO 

?H  - 
CH  CH-C^  d  (c) 

J  XCF3 

44 
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REACTION  OF  FLU0RINA7ED  UNSATURATED  ORGANOMETALLIC  COMPOUNDS  WITH  CARBONYL 

COMPOUND,  AND  TRIETHYLCHLOROSILANE 


CF3CU=CH2 

Acetophenone 

CH 

^  j  3  .CF.  (d) 

^CH, 

OH 

51 

CF^CLi^CHg 

E^SiCl 

Et0SiF 

17 

CF3CLi=CH2 

co2 

CH2=C(CF3)COOH 

56 

C^CsCLi 

E^SiCl 

Et3SiC=CCF3 

OH 

(ch3)2c-c=c-cf3 

81 

CF^CLi 

CH  COCH3 

70 

OH 

1 

ch3-c(cf3)c=c-cf3 

cf3c=cu 

ch3gocf3 

55 

CF^CLi 

cf3cocf3 

(CF3)2C(OH)feCCF3 

cf3c=cu 

CH  CH  mo 
}  & 

CH3CH2CH(0H)C2C-CF3 

54 

cf3c=cu 

0 

CH3i-(3 

OH 

_  J 

^J-C(CH3)C=C-CF3 

69 

CF3C=CLi 

0 

ft  (  6  ) 

CH^-C-CH^CH^ v  e ; 

OH 

1 

ch3-c-(c=c-cf3). 

25 

CF^CLi 

?  (e) 

CK3-C-C1 

OH 

1 

CH  -C-(C=C-CF  ) 

56 

Some  of  the  above  alcohols  (a  -•  d)  were  dehydrated  giving  the  following 

products,  (%)  (a)  CH^CCCR^-C'CF  )=C!L>  (49),  (b)  Mixture  of  two  isomers 

(c)  CH  =CH-C( CF  ) =CH  (84)  (d)  C(CF.)=C:L  (82)  (e)  2:1  mole  ratio 

2  3  2  w  1  2 

of  lithium  reagent  to  reactant  employed. 

-  94  - 


Ill  EXPERIMENTAL 


A.  Preparation  and  Some  Reactions  of  Perfiuorcallylhaliaes 

Fluorination  of  C^Cl^F^  Prepared  by  A1CI  Catalyzed  Addition  of 

CFCL^  to  CFCI=CFC1 

SBF  (142  g.,  0.79  mole)  and  chlorine  (33  g*»  0.46  mole)  were  com- 
bined  in  an  autoclave  at  -78  and  left  at  room  temperature  f-r  3  hours. 
C^Cl^F^  (153  g*«  O.56  mole)  was  added  and  heated  at  I5O0  for  3  hours  with 
recking.  During  the  next  2.5  hours  the  temperature  rose  to  18 5  -  190°  due 
to  a  tnermo-couple  malfunction.  After  further  heating  at  190  -  200°  for 
2.5  hours,  the  mixture  was  left  overnight  at  ambient.  V.p.c.  indicated 
only  a  small  amount  of  flucrinaticr.  had  occurred  sc  the  mixture  was  re- 

rs 

heated  at  190  -  200“  for  7  hours.  Wcrk-up  gave  a  material  (113  g.)  which 

on  distillation  yielded  CLC1_F-  (99  g.,  79%  yield). 

3  j  j 

Preparation  of  Perfluoroallyl chloride  (PrAC) 

C^CLjF^  (94  g.,  O.39  mole)  in  ethanol  (50  ml.)  was  added  dropwise 
over  a  period  of  1.25  hours  to  a  suspension  of  zinc  (32  g.,  0.49  mole)  in 
gently  refluxing  ethanol  (100  ml.).  The  mixture  was  refluxed  for  1.5  hours 
and  the  product  was  collected  in  a  dry  ice 'acetone  coded  trap  tc  give  a 
material  (64  g.)  which  on  distillation,  gave  PFAC  (53  g.,  85%  yield). 

Preparation  cf  Perfluoroallyl  Bromide  (PFA5) 

Potassium  hydroxide  pellets  (112  g.,  2.0  mole)  were  placed  in  water 
(100  cc)  in  a  500  cc  flask  equipped  witr,  a  magnetic  stirrer,  dropping 
funnel,  and  6-inch  glass  helice  packed  column  with  a  variable  take-off  head. 
CF^rCHFCF^Br  (50.1  g.,  0.172  rode)  was  placed  in  the  dropping  funnel  and 
added  slowly  over  a  period  of  50  minutes  tc  wanned  solution.  Fentafluoro- 
allyl  bromide  (20. 3  g.)  was  distilled  cut  as  it  formed.  V.p.c.  indie -ted 
the  product  was  pure,  b.p.  27  -  8C.  Yield  56%.  The  infrared  spectrum 
showed  the  CF2=CF-  absorption  at  5*584  and  agreed  with  the  spectra  of  pre¬ 
viously  prepared  material.  The  organic  layer  remaining  after  the  reaction 
was  separated,  was  washed  and  dried  tc  give  6.7  g.  material  believed  to  be 
CF2BrCF2CHFBr. 
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Preparation  of  Perfluoroallyliodide  (PFAI) 

PFAB  (34.2  g.,  0.162  mole)  was  added  dropd.se  over  14  mirutes  to  a 
solution  of  sodium  iodide  (30  g.,  0.20  mole)  in  anhydrous  acetone  (60  ml.) 
at  35  -  42°.  After  20  minutes  at  46°,  the  mixture  was  washed  witn  NaHSO^ 
solution,  and  water,  and  the  organic  layer  dried  over  Drierite  to  give 
PFAI  (34.2  g.,  82%  yield). 

Reaction  of  PFAI  with  C.H.0H  and  KOH 

- 2-5 - — - 

A  saturated  solution  (10  ml.)  of  potassium  hydroxide  pellets  in 
absolute  ethanol  was  diluted  with  ethanol  (10  ml.).  PFAI  (2.96  g.,  0.0115 
mole)  was  added  drojvise  over  8  minutes.  A  white  solid  formed  immediately. 
After  stirring  for  1  hour,  the  mixture  was  poured  into  water,  extracted 
with  ether  and  the  ethereal  solution  was  washed  with  dilute  nitric  acid, 
water  and  dried  over  Drierite.  Distillation  gave  a  sample,  b.p.  46  -  630 
and  residue  (1.5  g.).  V.p.c.  separation  of  the  residue  (S.  E.,  55°)  gave 
two  compounds:  the  first  (0.4  g.)  had  b.p.  63  -  4°  (micro),  n^°‘°  1.3624, 
with  a  strong  infrared  band  at  5. 804.  (Analysis  Calcd.  for  c7H1002F4t 
C2H^)CF=CFCF2OC2H5:  C,  41.59;  H,  4.97;  0,  15.84;  F,  37.60.  Found:  C,  40.81 
H,  6.95;  0»  15-54  (by  difference);  F,  36.70%).  The  second  (0.7  g.)  had 
b.p.  140  -  1°  (micro),  nj^*°  1-3526,  1.228  g./cc.  This  had  a  very 

pungent  odor,  pH-1,  fumed  in  air  and  had  strong  infrared  bands  at  5*494 
and  5.90».  (Analysis  Calcd.  for  ^H-^O^,  C^OCF^HFCF.jOC^:  C,  37-84; 
H,  5*00;  0,  14.40;  F,  42-76.  Found:  (average)  C,  37.36;  H,  4-90;  0,  15 . 55 
(by  difference);  F,  41-70%.) 

No  other  possibilities  fit  the  analyses  as  well  as  the  above. 

Reaction  of  PFAI  with  CF_CH„0H  and  KOH 

- - 3 — 2 - 

CF^C^OH  (19.0  g.,  0.19  mole)  and  KOH  pellets  (1.66  g.,  0.0297  mole) 
were  cooled  in  ice  bath  and  PFAI  (7.2  g.,  0.0279  mole)  was  added  over  9 
minutes.  A  white  precipitate  formed  immediately.  After  warning  to  room 
temperature  and  refluxing  for  30  minutes,  the  mixture  was  distilled  through 
6-inch  Vigreaux  column  to  give  two  fractions  (b.p.  54  -  72°)  which  were 
combined,  washed  with  water  and  dried  over  Drierite  to  give  almost  pure 
product  (2.3  g.,  36%).  V.p.c.  purification  (S.  E.,  40“)  gave  1.70  g.  pure 
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material  which  was  too  volatile  to  obtain  a  b.p.  or  n. .  The  infrared  had 

r  D 

a  strong  band  at  5* 5?i-  indicative  of  a  -CF-CF-,  group.  (Analysis  Calcd.  for 
C5Ho0F„:  C,  26. ’0;  H,  0.88;  F,  6b. 07;  0,  6.95.  Found:  C,  25.10;  H,  0.48; 

F,  65.15*  O,  9.7?;.  (by  difference}.) 

Reaction  of  CF^CFCF^Cl  witr.  CH^ONa  in  Gii^QH 

Sodium  methcxide  (7  g.,  O.I3  mole)  was  added  to  methanol  (100  ml.) 
at  0  to  give  a  white  suspension  tc  which  was  added  PFaC  (16  g.,  0.096  mole) 
via  a  gas  inlet  tube  over  42  minutes.  The  mixture  was  stirred  up  to  room 
temperature  over  2.5  hours,  then  poured  into  water.  The  organic  layer  was 
separated,  washed  with  ice-HCl  and  cold  saturated  !iaCl  solution  tc  give  a 
product  (7.^  g.)  containing  four  components:  23%  A,  16%  B,  15%  C,  and  46% 

D.  These  were  purified  on  S.  E.  prep,  v.p.c.  column  and  identified  as 
follows: 

A:  PFAC  by  infrared  comparison 

B:  b.p.  43  -  4°  (micro),  n^0’^  I.3O6O,  with  strong  infrared  band 

at  5-564  and  a  weak  shoulder  at  5.674,  hence  (101^  CH  OCF_CF=CF-. 

o  ?o  c  3  2  2 

C:  b.p.  ?8-9  (micro),  n^  ’  1.3305*  with  broad  infrared  band  at 

5.834  (Analysis  Calcd.  for  C,  H.C1F,  0,  CH, 0CFoCF=CFCl  and/or 

4  3  ^  3  2 

SH3C'T=CFCF2C1:  F,  42.57.  Found:  F,  42.13%) 

D:  b.p.  120  -  1°  (micro),  n^  * ^  1.3273*  d~^  I.348  g./cc.  (Analysis 

Calcd.  for  C5H?F502,  C^OCF^HFCF^CPy  C,  30.94;  H,  3.64. 

Found:  C,  30.75;^,  3-19%) 

Reaction  of  CF„=CFCF„C1  with  CH^OFa  in  Dioxar.e 

A  suspension  of  sodium  methoxide  (6  g.,  0.111  mole)  in  dicxane  (72  g.) 
was  cooled  tc  0  and  PFAC  (15  g.,  0.090  mole)  was  bubbled  in  over  33  minutes. 
The  mixture  was  stirred  up  to  room  temperature  over  2  hours,  then  for  2  hours 
at  ambient.  Washing  gave  a  product  (6.9  g.),  containing  chiefly  two  low- 
boiling  compounds.  Those  were  identified  as  PFAC  and  a  compound  suspected 
to  be  CH3OCF2CF=CF2  (b.p.  ca.  55  -  6°,  n^  ca.  I.30,  and  strong  infrared 
band  at  5*654  by  comparison  with  previous  experiments. 

Addition  of  CH^=CHCH?0H  to  CF„=CFCF2C1  in  the  Presence  cf  KOH 

Potassium  hydroxide  pellets  (3.6  r.,  0.61  mole)  were  dissolved  in 
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allyl  alcohol  (21.0  g,,  O.36  mole)  in  a  Fischer-Porter  tube,  the  solution 
was  cooled  to  -?8°,  and  PFAC  ()2. 5  g.,  0.075  mole)  was  added  rapidly.  A 
white  precipitate  was  formed  immediately  and  an  exothermic  reaction  occurred, 
even  at  -78°.  The  tube  was  sealed  and  kept  at  room  temperature  for  2  hours 
with  occasional  shaking  and  was  then  heated  at  68  -  70°  for  1.5  hours. 

After  cooling,  the  tube  was  vented  (ca.  0.5  g.,  PFAC  obtained). 

The  mixture  was  poured  into  ire-dil.  HHO^.  The  organic  layer  was 
separated  and  washed  twice  with  water  to  give  a  product  (5.7  g.)  which  by 
v.p.c.  contained  3%  PFAC,  19%  D,  14%  A-l,  36%  A-2,  8%  unknown,  and  20% 

A-3* 

The  experiment  was  repeated  using  a  flask  equippped  with  a  magnetic 
stirrer,  gas  inlet  tube,  and  a  dry  ice  reflux  condenser  connected  to  a  diy 
ice/acetcne  trap.  A  solution  of  K0H  pellets  (3.4  g.,  0.061  mole)  in  allyl 
alcohol  (19*9  g-»  O.34  mole)  was  cooled  in  an  ice  bath  then  PFAC  (11.0  g., 
0.066  mole)  was  bubbled  in  slowly  during  0.5  hour  at  0°.  A  white  pre¬ 
cipitate  formed  immediately.  After  stirring  at  room  temperature  for  1  hour, 
the  mixture  was  refluxed  gently  for  0.5  hour  then  left  over  the  weekend 
at  ambient.  The  mixture  poured  into  an  excess  of  water.  Samples  of  the 
aqueous  laye^  gave  positive  tests  for  fluoride  and  chloride  ions.  The 
organic  layer  was  washed  to  give  a  product  (5.2  g.)  containing  3%  PFAC, 

12%  D,  14%  A-l,  53%  A-2,  3%  unknown,  and  15%  A-3.  These  components  were 
separated  and  purified  cn  a  3.  E.  preparative  v.p.c.  column  to  give  the 
pure  fractions  which  were  identified  as  follows: 

D:  b  p.  78  -  9°  (micro),  n^’^  1.3353*  with  a  strong  infrared  t>and 

at  5.57m.  (Analysis  Calcd.  for  C.H,F_0.  CH_=CHCH_0CF_CF=CF. : 

-  b  5  5  2  2  2  2 

F,  50.50.  Found:  F,  46.77%). 

A-l:  b.p.  11?  -  8°  (micro),  n^ * ^  I.36I6,  1.309  g./cc.,  with  weak 

infrared  bands  at  5.62M,  5-S4u,  and  6.08m.  (Analysis  Calcd.  for 
C^CIF^O,  CH2=CHCH20CF2CF=CFC1  and/or  CK,=CHCH20CF=CFCF2C1: 

Cl,  17.33.  Found:  Cl,  15-92%) 

A-2:  b.p.  166  -  7°  decomp,  (micro),  n^0’^  1.3775*  d^  1.219  g./cc., 
with  weak  infrared  b^rr*  at  6.08p.  (Analysis  Calcd.  for 
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C„H, , Fc0  ,  CH  =CHCH  OCF  CHFCF  OCH  CH=CH  :  *,  33-59.  Found:  F,  36-32; 
y  11  )  6  ~  £  £.  £  £  £ 

cl,  1.08$) 

o  n  ft 

A-3  b.p.  185°  decomp,  (micro),  1.4242,  with  strong  infrared 

band  at  5.66P  and  a  weak  bagd  at  6.09P.  (Analysis  Calcd.  for 
C^.F^O  ,  CHp=CHCH20CF2CKFK0CH2CH=CH7:  F,  2c  V?.  Found:  F, 
22.90;  oi,  3 .4651). 

Attempted  Reaction  ol  Sodium  Allyloxide  with  CF2=CFCF2C1  in  Dioxane 

A  suspension  of  sodium  allyloxide  (8.0  g.,  0.10  mole)  in  dry  dioxane 
(50  ml.)  was  cooled  in  an  ice  bath  and  CF2=CFCF2C1  (16.8  g.,  0.10  mole)  was 
added  ov>r  0.5  hour.  The  mixture  was  stirrea  up  to  rooi.  temperature  over 
I.5  hours  gas  chromatography  showed  no  reaction  had  occurred. 

Attempted  Reaction  of  Sodium  Allyloxide  with  Cf^CFCF^Cl  ir.  Acetone 

A  suspension  oi  sodium  allyloxide  (8.0  g.,  0.10  mole)  in  dry  acetone 
(I30  ml.)  was  cooled  to  0C  then  CF2=CFCF2Ci  (14.2  g.,  O.O85  mole)  was  added 
in  40  minutes.  The  mixture  was  stirred  to  room  temperature  for  4  hours 
but  none  of  the  expected  product  was  formed. 

Reaction  of  Allylmagnesium  Bromide  with  CF2=CrCF2Cl 

Magnesium  (8.5  g.,  0.352  mole)  and  dry  ether  (120  ml.)  were  combined 
in  a  dry  flask  under  nitrogen.  The  magnesium  was  activated  by  adding  a 
few  drops  of  CH^BrCf^B1"  and  stinting  at  room  temperature  for  18  minutes. 

The  flask  was  then  cooled  in  an  ice  bath  ana  allyl  bromide  (18.0  g.,  0.1U) 
mole)  In  dry  ether  (20  ml.)  was  added  dropwise  during  20  minutes.  The 
resulting  mixture  was  stirred  for  6  minutes  then  filtered  into  a  dry  dropping 
funnel.  The  solid  residue  was  also  washed  with  ether  and  the  ether  was 
combined  with  the  Grignard  solution. 

Dry  ether  (20  ml.)  and  CF2=CFCF2C1  (I3.O  g.,  0.078  mole,'  were  com¬ 
bined  at  0°.  The  Grignard  solution  was  added  dropwise  to  give  an  immediate 
white  precipitate.  After  0.25  ho  ir  (c_a.  one-fcurth  the  Grignard  had  been 
added)  a  gray  sludge  had  formed  which  made  stirring  difficult.  The  re¬ 
maining  Grignard  was  added  during  0.5  hour.  After  stirring  to  room  tem¬ 
perature  fcr  7  minutes,  water  was  added  and  the  mixture  was  left  overnight. 
The  ether  layer  was  washed  with  dilute  sulfuric  acid,  then  dried  over 

-  99  - 


# 


Drierite.  The  aqueous  layer  gave  positive  test^  for  chloride  and  fluoride 
ions.  Distillation  gave  a  residue  (12.5  g-)  containing  some  ether,  a  small 
amount  of  allyl  bromide  and  compounds  XLVTII  and  XLIX.  Further  distillation 
gave  ether  (4.2  g.),  allyl  bromide  (0.4  g.),  XLVIII  (1.7  g.),  and  a  residue 
(5.0g.)  This  latter  contained  XLVIII (34$,  1.7  g.)»  XLIX  (40$,  2.0  g.),  and 
three  higher  boding  components  (26$,  1.3  g.).  Preparative  gas  chromato¬ 
graphic  separation  (silicon  elastomer,  110°)  gave  pure  XLVIII  b.p.  96  -  8° 
(micro),  rip  °  1.378 7,  with  a  strong  infrared  band  at  5.944  and  a  weaker 
band  at  6.08p  and  pure  XLIX,  b.p.  139  -  40°  (micro),  1-3970,  with 

medium  infrared  bands  at  5-784  and  6.084.  (Analysis  for  XLVIII,  Calcd.  for 
C^H^CIF^:  Cl,  18.81;  F,  40.32.  Found:  Cl,  16.93;  F*  37 . 14$  identified  as 
CH2=CHCH2CF2CF=CFC1).  (Analysis  for  XLIX,  Calcd.  for  C,  55.64; 

H,  5.20;  F,  39.16.  Found:  C,  55-7?;  H,  5.20;  F,  39.45%  identified  as 
ch2=chch2cf=cfcf2ch2ch=ch2) . 

B .  Lewis  Acid  Catalyzed  Addition  of  Haloalkanes  to  Ha.  ^olefins 

Preparation  and  Purification  of  CFC1-CFC1 

CFC12CFC12  (  566  g.,  2.77  nole)  was  added  dropwise  to  zinc  du ; c  (200 
g.,  3-07  mole)  in  absolute  ethanol  (300  mi.)  at  reflux  over  4.5  hours.  After 
refluxing  for  1.5  hours,  a  total  of  337  g.  crude  olefin  was  collected. 
Distillation  gave  m^erial  >’307  g.  84%),  b.p.  22.5  -  23-5°»  having  infrared 
bands  at  5-  ’34  (CF2=0)  and  5-864  (cis  -CF=CF-). 

Removal  of  the  CF2=CC12  was  accomplished  by  adding  the  erode  olefin 
mixture  (192  g.)  from  dropping  funnel  over  0.75  hour  to  a  solution  of  sodium 
(0.5  g.)  in  absolute  ethanol  (?00ml.)  at  18  -  24°.  After  stirring  for  2.5 
hours,  distillation  gave  pure  CFC1=CFC1  (172  g.,  90%  recovery 5,  b.p.  22  -  3° 
with  no  infrared  band  at  5-734. 

Addition  of  CFCl^  to  CFC1=CFC1  using  AICl^ 

CFC1-  (281  g.,  2.04  mole)  and  purs  CFCI=CFC1  (200  g.,  I.50  mole)  were 
combined  in  a  flask  a*  0  ,  AlCl^  (15  g.)  was  added  and  the  ice  bath  was  re¬ 
moved.  After  18  minutes,  AlCl^  (15  g.)  was  added  as  the  first  batch  had 
adhered  to  the  side  of  the  flask.  After  22  minutes,  another  15  g.  AlCl^ 
were  added,  then  the  mixture  was  stirred  for  3  hours.  AlCl^  (10  g.)  was 


-100  - 


added  and  the  mixture  stirred  at  room  temperature  for  2.5  hours.  The  total 
AlCl,^  used  was  55  g»  (0.42  mole)  and  the  total  time  was  6.25  hours.  Normal 
work-up  gave  material  (46?  g.)  which  on  distillation  gave  CCl^  (78  g.), 
C3C14F4  (3.3  g.),  CC12=CC12  (14.2  g.),  C^^F  (294  g.,  72%),  C^Cl^  (43 

g.,  10%),  and  higher  boiling  material  (,3-g.). 

Reaction  of  CFC1=CFC1  with  A1C13 

A  Fischer-Porter  tube  containing  CFC1=CFC1  (42  g.,  O.3I6  mole)  and 
A1C1  (3  g.»  0.022  mole)  was  heated  to  62  -  8°  for  22  hours.  V.  p.c. 
indicated  no  reaction  had  occurred. 

Cleavage  of  C^l^F  by  A1C13 

C^l^  (41.4  g.,  0.153  mole)  and  A1C1  (5  g.,  O.O37  mole)  were 
placed  in  a  Fischer-Porter  tube  and  rocked  occasionally  for  44  hours  at 
room  temperature.  The  gaseous  products  were  vented  directly  into  a  gas 
infrared  cell.  This  contained  at  least  CF2C12  and  CF2=CFC1.  Washing  gave 
a  liquid  (31  g.)  which  contained  6%  CC1.  ,  52%  A,  7%  C.Cl-F*,  and  36% 

IQ  c  ^  J  J  J 

Compound  A  had  #  1.5048  and  was  identified  by  infrared  as 

CC12“CC12.  The  C3C1^F2  had  b.p.  65  -  6°/4.5  mm.  (b.p.  202  -  3°/760  mm.) 
and  m.p.  44.0  -  45.5° . 


Isomerization  of  by  A1C1  in  CCl^ 

C3C15F3  (2k'°  g*’  0,089  mole)’  ccl4  '56  g.),  and  Aici3  (4  g.,  0.03 
mole)  were  combined  in  a  Fischer-Porter  tube  at  room  temperature  and  rocked 
occasionally  for  61  hours.  Work-up  gave  material  (66  g.),  which  after 
removal  of  CCl^  (35  g.,),  gave  a  residue  (30  g.)  containing  CCl^  (33%,  9.9g.), 
CC12=CC12  (25%,  7.5  g.),  C3C15f3  U5%,  4.5  g.),  and  Cyll^  (27%,  8.1  g.). 
Distillation  gave  the  latter  two  in  pure  state  for  NMR  analyses. 

Attempted  Addition  of  CFClj  t.  CFC1-CFC1  Catalyzed  by  BF3 

Boron  Trifluoride  was  bubbled  slowly  through  a  mixture  of  CFC1=CFCL 


(28  g.,  0.21  mole)  and  CFC13  (47  g.,  O.34  mole)  at  -64c 


The  solution  was 


stirred  up  to  room  temperature  over  0.5  hour,  then  stirred  for  5  hours. 


V.p.c.  showed  no  adduct  formed 
at  the  end  of  the  reaction. 


Boron  trifluoride  fumes  were  still  present 
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Attempted  Addition  of  CFCl^  to  CFC1=CFCI  Catalyzed  by  BF^.Et^O 
CFCl^  (35.5  g.,  0.258  mole),  CFC1=CFC1  (26.01  g.,  0.195  mole),  and 
BF^  etherate  (11.2  g.,  0.079  mole),  O.O38  mole  BF^)  were  combined  in  a 
flask  at  0°.  The  mixture  was  stirred  to  room  temperature  over  3  hours,  then 
left  for  3  hours  longer.  No  adduct  was  detected. 

Attempted  Addition  of  CFCl^  to  CFC1=CFC1  Catlyzed  by  HgCl2 
A  Fischer-Porter  tube  was  charged  at  0°  with  CFCl^  (32  g.,  0.23  mole) 
CFC1-CFC1  (27  g.,  0.20  mole),  and  HgCl2  (6  g.,  0.022  mole).  After  rocking 
at  room  temperature  for  18  hours,  no  adduct  was  formed. 

Addition  of  CFCl^  to  CFC1=CFC1.  Catalyzed  by  AlCl^,  in  Presence  of  KF 
CFCl^  (36  g.,  0.26  mole),  CFC1=CFC1  (20  g.,  0.15  mole),  AlCl^  (6  g., 
0.045  mole)  and  freshly  ground  KF  (10  g.,  0.17  mole)  were  placed  in  a 
Fischer-Porter  tube  at  0°.  An  exothermic  reaction  occurred  immediately. 
After  rocking  at  room  temperature  for  6.5  hours,  AlCl^  (5  g*»  O.O37  mole) 
and  KF  (5  g.,  0.085  mole)  were  added.  Within  10  minutes  another  exothermic 
reaction  occurred.  After  two  days  at  room  temperature,  the  mixture  was 
worked  up  to  give  a  liquid  (36  g.)  which  v.p.c.  indicated  was  94$  unreacted 
material,  4$  CCl^,  and  only  2%  C^Cl^F^. 

Addition  of  CFCl-^  to  CFC1=CFC1  Catalyzed  by  AlCl^,  in  Presence  of  NaF 
Reference  Reaction 

CFCl^  (43  g.,  O.3I3  mole),  CFC1=CFC1  (27  g.,  O.2O3  mole),  and  AlCl^ 

(5  g.,  O.O37  mole)  were  combined  in  a  Fischer-Porter  tube  at  0°  and  rocked 
for  3  hours  at  room  temperature.  AlCl^  (4  g.,  0.03  mole)  was  added  and 
the  mixture  was  rocked  for  3.5  hours.  Normal  work-up  and  distillation  gave 
pnjre  C^Cl^F^  (41  g.  75$)  b.p.  149  -  I5O0  and  n^1'0  I.4394.  Also  obtained 
was  C^C1^F2  (3.4  g.,  5*8$) 

First  Reaction 

The  same  quantities  were  used  as  above,  oniy  NaF  (8  g.,  0.190  mcle) 
was  added  at  the  beginning.  The  procedure  was  identical  to  the  above. 
Distillation  gave  pure  C^Cl^F^  (36  g.,  66$),  b.p.  144.0  -  146.5°  and  nQ°*° 
I.4398.  Also  formed  was  C^C1^F2  (3-2  g.,  5*5$) 
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Second  Reaction 

The  amounts  and  procedure  were  the  same  as  in  the  previct:s  reaction 

except  the  mixture  was  left  at  room  temperature  for  35  hours.  Distillation 

gave  pure  C^Cl^F^  (35*6  g.,  63%),  b.p.  147  -  150°  and  n^0,0  1.4396.  Also 

formed  was  C^Cl^Fg  (5*4  g.,  90$) 

Addition  of  CFCl^  to  CF^=CCL.  Catalyzed  by  AlCl^ 

A  Fischer- Porter  tube  was  charged  with  CFCl^  (63  g.,0.46  mole), 

C?2=CC12  (30  g.,  0.225  mole)  and  AlCl^  (12  g.,  0.09  mole)  and  rocked  at 

room  temperature  for  24  hours.  Work-up  gave  a  liquid  (?9  g.)  containing 

unreacted  material  (15$),  CC1.  (39$),  CLC1_F0  (41$,  32  g.,  53$  overall  yield), 

^  i  j  i  c  0 

and  C^C1^F2  (5$)*  Distillation  gave  pure  C^Cl^F^,  b.p.  60  / 28  mm. -60  / 26  mm. 

This  material  contained  both  liquid  and  crystals.  The  solid  was  separated 
by  fractional  crystallization  to  give  a  waxy  white  solid,  m.p.  81  -  84. 5°. 
Reaction  of  CFCl^  and  Perfluorocyclobutene  Catalyzed  by  AlCl^ 

The  olefin  (46  g.,  0.28  mole)  was  bubbled  slowly  through  a  mixture 
of  CFCl^  (123  g.,  0.90  mole)  and  AlCl^  (10.7  g.,  0.08  mole)  at  0°.  This 
was  repeated  four  times  in  4  hours.  Normal  work-up  gave  a  material  (37  g.) 
which  was  solid  at  room  temperature.  In  addition  to  CFCl^  and  CCl^  a  com¬ 
pound  was  isolated  (11$  ,  1.9  g.)  b.p.  135  -  6C  (micro),  nj^'  1.4606, 
djp  1.579  g./cc.,  with  a  strong  infrared  band  at  6.134.  (Analysis;  Reqd. 
for  cyclo-C^Cl^F2:  C,  21.08;  Cl,  62.23;  F»  16.69*  Found:  C,  22.03;  H,  0.21; 
Cl,  59*96;  F,  18. 35.)  Also  found  as  the  chief  product  (65$)  was  a  com¬ 
pound  (18  g.),  b.p.  208  -  12°,  m.p.  32  -  3°,  infrared  bands  at  6.12M-  (s) 
and  6.41p  (m).  (Analysis'*  Reqd.  for  cyclo-C^Cl^:  C,  18.42;  Cl,  81. 58. 

Found:  C,  19.13;  H,  0.49;  Cl,  79.19;  F,  0.96.)  This  latter  was  a  doublet 
by  v.p.c.  and  could  not  be  resolved. 

Reaction  of  Perfluorocyclobutene  with  AlCl^ 

Perfluorocyclobutene  (46  g.,  0.28  mole)  and  AlCl^  (11  g.,  0.082  mole) 
were  sealed  in  a  Fischer-Porter  tube  at  -78°.  After  rocking  for  3  hours  at 
0°,  the  mixture  was  left  at  room  temperature  for  1.5  days.  Normal  work-up 
gave  a  liquid  (21.5  g.)  containing  three  components.  These  were  identified 


after  purification  as  cyclo-C^Cl^  (60$),  b.p.  66  -  7  (micro),  n^ 


20.0 
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1.3 724,  d‘^  1.537  g./cc.,  with  a  strong  infrared  band  at  6.17m*;  the  other 
two  components,  combined,  had  infrared  bands  at  5 -56m*  (vs),  5* 81m*  (vs)  and 
6.12M  (w)  and  were  cyclo-C^Fg  (18$)  and  cyclo-C^ClF^  (22$). 

A  second  min  using  perfluorocyclobutene  (27  g.,  0.167  mole)  and  AlCl^ 
(11  g.,  0.082  mole)  and  rocked  at  room  temperature  for  4.5  hours  gave  an 
exothermic  reaction.  Aluminum  chloride  (2  g.)  was  added  and  the  mixture 
was  rocked  for  a  further  4  hours.  Work-up  gave  material  (17-7  g.)  con¬ 
sisting  of  unreacted  cyclo-C^Fg  (2$),  cyclo-C^ClF^  (12$)  and  cyclo-C^Cl2F^ 
(86$). 

Attempted  Addition  of  CFCl^  to  CF^CF=CF2  Catalyzed  by  AlCl^ 

CFC13  (50  g.,  O.36  mole),  CF^CF=CF2  (52  g.,  O.35  mole),  and  AlCl^ 

(6  g.,  0.045  mole)  were  placed  in  a  Fiscner-Porter  tube.  This  was  rocked 
for  1  day  then  worked-up  to  give  unreacted  material  (41  g.)  and  liquid 
(22.7  g.)  containing  about  equal  amounts  of  two  low-boiling  compounds  and 
CCl^.  The  infrared  spectrum  of  the  mixture  had  strong  bands  at  5«80m  and 
6.01m*,  indicative  of  CF^CF^FCl  and  CF3CF=CC12.  No  higher  boiling  com¬ 
ponents  were  formed. 

Attempted  Addition  of  CFCl^  to  CF^CF^CFCF^  Catalyzed  by  AlCl^ 

A  flask  containing  CFCl^  (44  g.,  O.32  mole)  and  AlCl^  (2  g.,  0.015 
mole)  was  cooled  to  0  and  C^Fg  (25  g-,  0.125  mole)  was  bubbled  in  during 
17  miautes.  After  stirring  at  0  for  2  hours,  the  mixture  was  warmed  to 
room  temperature,  then  cooled  to  0°  and  the  material  from  the  cold  trap  was 
recycled.  V.p.c.  showed  that  no  reaction  had  occurred  except  CC1,  for¬ 
mation.  The  contents  of  the  flask  were  transferred  tc  a  Fischer- Porter 
tube  and  rocked  overnight  at  room  temperature.  Venting  gave  unreacted 
olefin  (30  g.)  and  CFCl^,  and  a  liquid  (19*7  g.),  chiefly  CCl^. 

The  above  unreacted  starting  materials  were  combined  in  a  tube  with 
AlCl^  (2  g.,  0.015  mole)  and  heated  at  77°  overnight.  After  venting,  only 
5.2  g.  liquid  was  obtained,  which  by  v.p.c.  contained  6$  unreacted  material, 
12$  low-boiling  component,  28$  CCl^,  and  46$  high-boiling  component. 
Chromatographic  purification  gave  material  believed  to  be  CF^CF^CICF^,  b.p. 
32°,  with  weak  infrared  bands  at  6.04m*  and  6.23M,  and  CF3CC1=CC1CFC12,  b.p. 
140-1°  (micro),  n^x’^  1.4304,  d^  1.692  g./cc.,  with  strong  infrared  band  at 
&  •  • 


*04 


Addition  of  CFCl^  to  CF^=CFBr  Using  AlCl^ 

CFCl^  (3O8  g.,  2.24  mole)  and  AlCl^  (iO  g.)  were  combined  in  a  flas’: 
at  -52°,  then  CF2=CFBr  (44  g.,  0.273  mole)  was  bubbled  through  the  mixture 
at  -40°  to  -6°  during  0.?5  hour.  The  mixture  was  cooled  to  -20  ,  then 
stirred  for  3  hours  whilst  attaining  room  temperature.  AlCl^  (6  g.)  was 
added  and  the  mixture  was  stirred  for  1.5  hours,  then  left  in  a  stoppered 
flask  for  60  hours.  The  total  AlCl^  used  was  16  g.(0.l2  mole).  Work¬ 
up  gave  C  BrCl^  (61  g.,  75%),  b.p.  125  -  7° 

Attempted  Addition  of  CFCl^  to  Cyclo-C ^.Cl^F^  Catalyzed  by  AlCl^ 

CFC1-  (42  g.,  0.30  mole),  olefin  (40  g.,  0.16  mole),  and  A1C1  (6  g., 
0.045  mole)  were  combined  in  a  Fischer-Porter  tube  at  0  then  rocked  at 
room  temperature  for  17  hours.  Work-up  gave  a  material  (39  g.)  containing 
by  v.p.c.  11%  low-boiling  material,  24%  unreacted  olefin,  7%  CC1.  ,  15%  C, 

S' 

and  43%  E.  No  desired  adduct  was  present.  Distillation  gave  pure  E,  b.p, 
70°/2.8  mm.-72°/3 .0  mm.  (220  -  l°/760  mm.),  n^0,5  1.5175,  =£3  1.778  g./cc., 
with  a  strong  infrared  band  at  6.20m-,  identifed  as  cyclo-C^Ci^.  A  small 
amount  of  higher  boiling  residue  was  present  which  solidifed,  m.p.  34  -  6°, 
and  had  a  strong  infrared  band  at  6.19^.  Re crystallization  from  absolute 
ethanol-water  gave  white  crystals,  m.p.  36.5  -  37-5°,  identifed  as  cyclo- 

c5ci8. 

Addition  Gf  CFCl^  to  CF^CF^  Catalyzed  by  AlCl^ 

CFCl^  (60  g.,  0.44  mole)  and  AlCl^  (8  g.,  0.06  mole)  were  placed  in 
a  Fischer-Porter  tuoe  at  0°.  CF2=CF2  (40  g.,  0.40  mole)  was  vacuum  trans¬ 
ferred  (at  liquid  nitrogen  temp.)  to  the  tube  and  the  mixture  was  rocked 


up  to  room  temperature  over  5  hours,  then  left  overnight.  Normal  work¬ 
up  gave  a  liquid  (77  g.)  which  contained  5%  low-boiling  material,  23%  CC1.  , 
68%  C^Cl^Fj.  and  4%  higher  boiling  material.  The  yield  was  55%.  Distillation 

and  v.p.c.  gave  a  pure  sample  of  C  Cl  F  ,  b.p.  72  -  3°  (micro),  n?,°*° 

24  Ado  L 

1  *3535*  and  d^  1.64b  g./cc. 

Addition  of  CFC1  to  UP  -Uhbr  Catalyzed  by  A1G1 


at 


-3— v--2- 

CFCl^  (I30  g.,  0.94  mole)  and  A1CI 


(7  g.)  were  placed  in  a  flask 


-30  .  CFg-CFBr  (39  g.,  0.24  mole)  was  bubbled  in  over  0.5  hour  with  the 
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temperature  between  -  22°  and  -9°. 


After  stirring  up  to  room  temperature 


over  2.5  hours,  the  mixture  was  cooled  in  an  ice  bath;  AlCl^  (5  g.)  was 
added;  the  mixture  was  stirred  for  0.5  hour,  then  allowed  to  warm  to  am¬ 
bient  during  1.25  hours.  Normal  work-up  gave  a  product  (150  g.)  which  was 
distilled  to  give  C  BrCl^  (54.2  g.,  76$),  b.p.  127  -  8°,  n£0,0  1.4238, 
and  dj^  1.9693  g./cc. 


Addition  of  CFCl^  to  CFC1=CC1,  Catalyzed  by  AlCl^ 

CFCl^  (41.0  g.,  0.30  mole),  CFC1=CC12  (3O.5  g.,  0.20  mole),  and 
AlCl^  (5  g.»  O.O37  mole)  were  combined  in  a  Fischer-Porter  tube  at  0°,  then 
rocked  at  room  temperature  for  13-5  hours.  Normal  work-up  gave  a  liquid 
(60  g.)  which  was  chiefly  unreacted  material  and  CCl^.  This  was  combined 
again  with  AlCl^  (6  g.)  and  rocked  at  room  temperature  for  10  hours,  then 
left  overnight.  On  venting,  a  considerable  amount  of  gas  was  noted.  Work¬ 
up  gave  a  material  (49  g.)  which  v.p.c.  showed  as  49 $  CCl^,  40$  CC12=CC12, 
and  11$  C^Cl^Fg .  Distillation  and  re crystallization  from  petroleum  ether 
gave  a  pure  white  solid,  C^Cl^  (9$  yield),  m.p.  47-5  -  49.5°»  b.p.  63°/7.8 
mm.  (189  -  194°/760  mm.) 


Addition  of  CFCl^  to  CHF-CF„  Catalyzed  by  AlCl^ 

■  A1C13  (7  g.,  0.052  mole)  was  added  to  CFCl^  (151  g.,  1.10  mole)  at 
-72°  and  CF^-CHF  (48  g.,  O.585  mole)  was  bubbled  in  from  cylinder  at  -76° 
during  O.75  hour.  The  mixture  was  warmed  up  to  -23°  over  1.5  hours,  then 
the  material  which  had  collected  in  the  cold  trap  was  recycled  twice.  After 
being  left  at  room  temperature  overnight.,  AlCl^  (4  g.,  0.030  mole)  was  added 
and  the  unreacted  material  re-cycled  four  times  during  4  hours  at  room  tem¬ 
perature.  A  liquid  (38  g. )  was  recovered  from  the  cold  trap.  Work-up  of 
the  reaction  mixture  gave  a  liquid  (87  g.)  which  on  distillation  gave  a 
material  (40.3  g.)  consisting  of  CC1,  and  product.  The  CC1.  was  removed 
from  the  desired  product  by  azeotropic  distillation  with  methanol.  Washing 
with  water  ga’  e  1-2  ml.  containing  ca.  90$  product  and  ca.  10$  CC1.  . 


Further  purification  was  not  necessary  for  NMR  analysis. 

Attempted  Addition  of  CFCl^  to  CC1^=CC1^  Catalyzed  by  AlCl^ 

CFC1  (134  g.,  0.0?  mole),  CC1  =CC1  (109  g.,  0.66  mole)  and  A1C1 

(6  g.,  0.045  mole)  were  stirred  at  20  -  30  for  1  hour,  then  AlCl^  (3  g.  * 

0.022  mole)  was  added  and  the  mixture  heated  at  80°  for  2  hours.  After 

leaving  it  at  room  temperature  overnight,  the  mixture  was  again  heated 

at  91  -  2°  for  1.5  hours.  CFCl^  (54  g.)  added  and  stirred  for  2  hours  more, 

Normal  work-up  gave  a  material  (189  g. )  containing  CC12=CC12  (100  g., 

92%  recovery).  No  adduct  was  formed. 

Attempted  Addition  of  CFCl^  to  CHC1=CC12  Catalyzed  by  AlCl^ 

CFC1  (42  g., O.305  mole),  CHC1=CC1?  (3?.0  g.,  0.281  mole),  and  A1C1 

(5  g.»  0.03?  mole)  were  combined  in  a  Fischer-Porter  tube  at  0  ,  then 

rocked  at  room  temperature  for  3*5  hours.  AlCl^  (4  g.,  0.030  mole)  was 

added  and  rocked  for  1  hours.  After  leaving  it  overnight  at  ambient,  the 

mixture  was  wcrked-up  to  give  a  material  (?2  g.)  which  was  distilled  to 

give  unreacted  olefin,  CC1.  ,  unidentified  material  (5  g.),  and  high- 

4 

boiling  residue  (19  g.).  The  unknown  material  had  a  b.p,  43  -  4/30  mm. 

(133  -  4°/?60  mm.)  u'q'1"0  1.4816,  d2^  1.531  g.^cc.  and  a  M.  W.  of  I65. 

(Analysis  Calcd.  for  C^II^Cl^ ,  CH^ClCCiy  Cl,  84.49.  Found:  Cl,  84.60.) 

This  was  positively  identified  by  e:mpur.i..  i.  <  1.'  the  infrared  spectrum  wi  th 

( 10  1 ) 


that  in  the  literature 
Addition  of  CHFC1 


CHFC1 


The  residue  could  not  be  vacuum  distilled. 
2  to  CF2~CFC1  Catalyzed  by  AlCl^ 


2  (53  g.,  O.56  mole)  was  treated  with  a  small  amount  of  AlCl^ 
at  -78°,  then  added  to  CF =CFC1  (60  g.,  0.51  mole).  A1C1  (5  g.,  O.O37 
mole)  was  added  and  the  mixture  stirred  up  t:  0  during  1.25  hours.  A1C1 
(2  g.,  0.015  mole)  was  added  and  the  material  which  had  collected  in  the 
dry  ice/acetone  trap  was  re-cycled  three  times  at  0°  during  1.25  hours. 
The  mixture  was  stirred  at  room  temperature  for  4  hours  and  volatile 
material  (14  g.)  was  recovered  from  the  cold  trap.  Work-up  of  the  re¬ 
sidue  gave  a  material  (69  g.)  which  on  distillation  gave  pure  C^HCl^F^ 

(**3  g-,  38%),  b.p.  91.0°,  n20,2  1.3735,  and  d25  1.616  g./cc. 

The  experiment  was  repeated  by  charging  a  Fischer-Porter  tube  at  -78° 
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with  CF2=CFC1  (37  g.,  0.32  mole),  CHFC12  (41  g.,  0.40  mole),  and  AlCl^ 

(6  g.,  0.045  mole>.  Within  4  minutes  of  the  tube’s  removal  from  the  cold 
bath,  a  violent  explosion  occurred.  This  was  attributed  to  the  exothermic 
reaction  of  CHFCl^  with  AlCl^  to  form  CHCl^. 

Addition  of  CHFC1,  to  CF2=CC12  Ca talyzed  by  AlCl^ 

A  small  amount  of  AlCl^  was  added  to  a  trap  at  -78°  containing  CHFC12 

(44  g.,  0.43  mole)  and  C?2:=CC1^  (32  g.,  0.24  mole).  After  7  minutes  with 

occasional  shaking,  the  liquid  was  decanted  into  a  Fischer- Porter  tube  at 

-78°  and  AlCl^  (5  g*>  0.037  mrOe)  was  added.  The  tube  was  placed  in  an 

ice  bath  and  warmed  to  v‘  temperature  over  5  hours.  After  29  hours  at 

ambient,  the  mix'  .  was  worked. up  tcgive  a  material  (40  g.)  containing 

29%  unreacted  material,  ^  i$  CHCl^,  and  26$  desired  product.  Distillation 

and  v.c.c.  purification  ive  C  HC1,  F  (18$),  b.p.  131  -  3°,  n~^*^  1.4180, 

5  4  5  o 

and  d^  1.656  g./cc. 

Addition  of  CHFC12  .0  CFC1=CFC1  Catalyzed  by  AlCl^ 

CHFClg  (32  g.,  0.3.  mole)  and  CFC1=CFC1  (26  g.,  0.195  mole)  were 
combined  at  0  ,  treatec  with  AlCl^,  then  transferred  to  a  Fischer-Porter 
tube  at  0°.  A1C1„  (^  <  .,  0.045  mole)  was  added  and  the  mixture  left  at 

room  temperature  overnight.  Wcrk-up  gave  a  liquid  (41.8  g.)  which  was 
distilled  to  give  C-HC1.F.  (17.2  g.,  61$),  b.p.  125  -  6°,  nf,0,0  1.4184, 

jrj  c  J  ^  J  U 

and  dJJO  I.683  g./cc. 

Addition  of  CHFC1„  to  CCU-CCl,.  Catalyzed  by-AlCl 
CC10=CC12  (136  g.,  0.82  mole)  and  AlCl^  (6  g.,  0.043  mole)  were  com¬ 
bined  in  a  flask  at  0°.  CHFC1  (99  g.,  0.96  mole)  was  treated  with  A1C1_ 

o  0  ^ 

at  -78  ,  then  bubbled  through  the  olefin  at  0  over  34  minutes.  The  mix¬ 
ture  was  stirred  to  room  temperature  over  3  hours.  AlCl^  (3  g.,  0.022 
mole)  was  added  and  after  1  hour  CHFC1?  (63  g.,  0.61  rr.ole)  and  A1C1 

O  J 

(4  g.,  0.03  mole)  were  added  at  0  .  After  stirring  at  ambient  overnight, 
the  mixture  was  washed  with  ice/HCl  and  water  to  give  a  liquid  (243  g.) 
containing  two  products,  the  desired  adduct  C^HCl^F  (40$  yield)  and  the 
replacement  product  C^HClr,  (34$  yield).  Distillation  gave  pure  C^HCl^F, 
b.p.  70°/ 5  mm.  (206°/760  mm.),  n^0,0  1.5041,  and  d£3  1.769  g./cc.  The 

_  in;;  - 


tan  crystals  of  C^HCl^  were  air  dried  and  had  m.p.  30  -  1°. 

Addition  of  CHFC1,  to  CF_=CFBr  Catalyzed  by  AlCl^ 

CHFC12  (65.0  g.,  O.63  mole)  and  AlCl^  (4  g.,  0.03  mole)  were  combined 
in  a  flask  at  -38°,  then  CF2=CFBr  (67.0  g., 0.416  mole)  was  bubbled  in  at 
-35°  to  -32°  over  20  minutes.  During  1  hour,  the  mixture  wanned  to  +8° 
but  since  material  condensed  into  the  dry  ice/acetone  trap,  the  flask  was 
cooled  to  -20°,  AlCl^  (4  g.,  0.03  mole)  added,  and  the  cold  trap  material 
re-cycled.  After  10  minutes,  the  mixture  was  placed  in  an  ice  bath  then, 

20  minutes  later,  the  cold  trap  material  was  recycled  and  the  mixture  was 
allowed  to  warm  to  room  temperature  over  2.5  hours.  Work-up  gave  a 
material  (117  g.)  which  was  distilled  tc  give  pure  C^HBrCl,^  (86.5  g., 

7956),  b.p.  110  -  2°,  r^0,0  1.4009,  and  d£5  1.9088  g./cc. 

Addition  of  CHFCn  to  CFCl=CCn  Catalyzed  by  AlCl^ 

CHFC12  (36  g.,  C.35  mole),  CFC1=CC1  (30  g.,  0.20  mole),  and  Aicn 

O 

(5  g.,  0.037  mole)  were  combined  in  a  Fischer-Pcrter  tube  at  -78  ,  then  m 
rocked  at  room  temperature  for  3*5  hours.  After  standing  overnight,  the 
mixture  was  hydrolyzed  tc  give  a  material  (54  g.)  which  was  vacuum  dis- 

i 

tilled  to  give  C^HCl-Fg  {22  g.,  44%),  b.p.  79  /39  mm.  (168  -  170°/760  mm.),); 
n^1,0  1.4601,  and  1.710  g./cc. 

Addition  of  CF2C12  To  CF2=CFC1  Catalyzed  by  AlCl^ 

CF2C12  (87  g.,  0.72  mole),  CF^CFCl  (85  g.,  0.73  mole),  and  A1C13 
(30  g.,  0.224  mcle)  were  placed  in  an  autoclave  and  heated  at  60°  for 
44.5  hours  with  recking.  Normal  work-up  gave  a  liquid  (79  g.)  which  was 
distilled  to  give  C^Cl^F^  (32  g.,  17%),  b.p.  113-5°.  (Analysis  Calcd. 
for  C^Cl^F^:  Cl,  55*86.  Found:  Cl,  53.61%)  Nc  expected  C^Cl^F^  was  formed. 

No  adducts  were  formed  in  the  following  similar  reactions: 

CFC1=CFC1  +  CBrCl3,  CF^,  CCl^,  C^CC^,  CF2C12,  CF2BrCFClBr  and 
CF2C1CFC1&  CF2=CFC1  +  CC14,  and  CF2Br2  +  CF2CC12 

C.  Radical  Initiated  Addition  to  Olefins 
1.  Preparation  of  Starting  Materials 
a ..  CF3CFBrCFBrCF3 

The  above  haloalkane  was  made  by  passing  perfluoro butene -2  into  bromine.. 
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b.  CF^CFBrCClBrCF^ 

This  was  prepared  from  CF^CFC1CC12CF^  by  dechlorination  followed 
by  product  bromination. 

c.  CF^CFBrCF^Br 

Light  was  shone  on  bromine  (60  ml.,  180  g.,  1.1  mole)  in  a  flask 
fitted  with  a  dry  ice/acetone  condenser,  and  hexafluorppropene  was  bubbled 
through.  When  the  bromine  color  was  discharged  the  product  was  distilled 
to  yield  CF^CFBrCF^r  (236  g.) 

d .  1,2-Dibromohexafluoro cyclobutane 

•  Bromotrifluorcethylene  (BTFE)  (240  g.,  1.5  mole)  was  heated  in  an 
autoclave  at  200°  for  12  hours.  On  venting  the  autoclave,  unreacted  BTFF. 
(40  g.)  was  recovered.  Distillation , of  the  residue  gave  1,2-dibromohexa- 
fluorocyclobutane  (80  g.,  40$)  b.p.  95  -  6°  and  a  residual  high-boiling 
material. 

e.  CC1  CF^Cx^Br 

CCl^Br  (396  g.,  2  mole),  Bz^  (3  g.),  and  CF2=CF2  (78.5  g.f  0.?8 
mole)  were  heated  in  an  autoclave  at  100°  for  8  hours.’  The  autoclave 
was  vented  and  gaseous  material?  (1  g.,,  which  was  mainly  CF2=CF2,  was 
condensed  out.  A  liquid  mixture  (448.5  g.)  which  contained  29.6%  adduct 
(44.5%  yield  based  on  CF2~CF2  used)  was  obtained.  On  distillation  almost 
pure  CCl^CF2CF2Br  (135  g.)  was  obtained  fry m  the  reaction  mixture. 

2 .  Addition  of  Halualkar.es  t/:  Olefir.s 

A  stainless  steel  autoclave  (jf On  mi.  capacity)  was  charged  with  the 
haloalkane  and  a  catalytic  amount  cf  benzcy)  peroxide.  The  olefin  was  then 
transferred  into  the  autoclave  which  wan  heated  at  100°  for  a  number  of 
hours  with  constant  rocking.  (The  heating  period,  and  the  amounts  of 
haloalkane  and  olefin  used,  are  given  in  Table  V).  The  autoclave  was 
cooled  and  vented.  Low-boilir.g  material  was  condensed.  Distillation  and/ 
or  GLPC  of  the  residue  afforded  pure  products.  Physical  properties  and 
yields  of  products  are  given  in  Table  V. 
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3 .  Dehalogenatior.  and  Dehydrohalogenation  of  the  Adducts  Obtained 
Dehydrohal^f  -nation  of  CFClBrCFClCH,CH„Br  with  Potassium  Hydroxide 
CFCIBrCFCi ,.i-2  Jr/2i  r  (10. 3  g.,  O.32  mole)  was  dropped  slowly  into  a 
mixture  of  potassium  hydroxide  (5-6  g.,  0.1  mole)  and  ethyl  alcohol  (4.6  g.* 
0.1  mole)  at  reflux  temperature.  The  reaction  mixture  was  refluxed  for 
36  minutes  and  poured  into  water  and  the  organic  layer  separated,  washed 
and  dried.  Crude  material  (6.8  g.,  75$  yield)  was  obtained.  Gas 
chromatography  shewed  the  presence  of  one  main  product  in  this  crude  material. 
It  was  separated  by  preparative  v.p.c.  ar.d  identified  as  CFClBrCFClCH=CH2 , 
b.p.  144°  (micro),  r^1  1.4571,  d^1  1.7209,  (I.  R.  C=C  6.1|i),  (Analysis 
Calcd.  for  C^BrCl^H  :  Br,  33-30.  Found:  Br,  33-29$).  -The  1H  and  19F 
NMR  spectra  were  consistent  with  the  above  structure. 

Dehalogenation  of  CFClBrCFClCH^CH^Br  with  Zinc 

CFClBrCFClCH2CH2Br  (16.1  g.,  0.05  mole)  was  dropped  slowly  into  a 
mixture  of  zinc  (6.5  g.,  0.1  g.  atom),  ethanol  (4.6  g.,  0.1  mole)  and  zinc 
chloride  (0.1  g.,  0.001  mole)  at  reflux  temperature.  The  reaction  mixture  1 
was  refluxed  for  30  minutes  and  the  lew-boiling  material  (12.9  g»)  was 
distilled  directly  from  the  reaction  mixture.  Gas  chromatography  showed 
the  presence  of -one  new  main  product  m  this  material.  This  was  separated 
by  preparative  v.p.c.  and  identified  as  an  isomeric  mixture  of  cis  (44$) 
and  trans  (56$),  CFCl=CF-CH2CH2Br,  b.p.  I380  (micro),  n^1  1.4514,  d£" 

*  1.6808  (I.  R.  C=C  5.764).  (Analysis  Calcd.  for  C^BrClF  H:  Br,  38.94; 

Cl,  17.27.  Found:  Br,  38.82;  Cl,  17.40).  The  1H  and  19F  NMR  spectra  were 
consistent  with  the  above  structure. 

Dehydrohalogenatior.  cf  CFCl^CFCH  CH  Br  with  Potassium  Hydroxide 
CFCl=CFCH^CH2Br  (5.  g.,  0.025  mole;  was  dropped  slowly  into  a  mixture 
of  potassium  hydroxide  (5-6  g.,  0.1  mole)  and  ethanol  (4.6  g.,  0.1  mole). 

The  low-boiling  material  (2.4  g.,  80%  yield)  distilled  directly  from 
the  reaction  mixture  as  it  was  formed.  Gas  chromatography  showed  the 
presence  of  one  new  main  product  in  this  material.  This  was  separated 
by  prep.  v..p.c.  and  identified  as  ar  iscmenc  mixture  of  cis  (44$)  and 
trans  (56$)  CFC1-CF-CH=CH?,  which  polymerizes  on  standing  at  room  temper- 
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ature.  (Analysis  Calcd.  for  (C.  C1F HJ  :  Clf  27.68.  Found:  Cl,  28.2956) 

V  19  ^  4  jn 

The  tl  and  F  NHR  spectra  were  consistent  with  the  above  structure. 
Dehydrchaiogenation  of  CF.Br(CFj)CFCH_,CH^Br 
CF2Br(CF^)CFCH2CH2Br  (20.2  g.>,  potassium  hydroxide  (7  g.),  and 
jthanol  (5  ml.)  were  refluxed  for  1  hour.  The  reaction  mixture  was  poured 
Into  water  and  the  organic  layer  was  separated  and  dried.  Distillation 
>  added  suspected  CF2Br(CF3)CFCH=CH2,  b.p.  79°,  n^2  1.3469,  d21  I.663. 
(Analysis  Calcd.  for  C^H^BrF^:  KR^  32.67;  Br,  31.17.  Found:  MR^  3?. 99 
Br,  31.5616). 

Dehydrohalogenation  of  CF2BrCF2CH„CH2Br 

CJ;  BrCF2CH2CH2Br  (21  g.)f  potassium  hydroxide  (8  g.),  and  ethanol 
(20  ml.)  were  heated  in  a  flask  fitted  with  a  fractionation  column. 
CF2BrCF2$l=CH0  (15.12  g.)  fractionated  off  during  the  reaction.  It  shewed 
the  following  properties:  b.p.  54. 5°,  1.3556,  d2^  1.604.  (Analysis 

Calcd.  for  C^BrF^:  MRp  27.98;  Br,  38.65,  Found:  MRp  28.14;  Br,  38.4416). 


CF2BrCF?(CH2)3CH2Br  (9.6  g.,  C.03  mole)  was  dropped  slowly  tc  a 
mixture  of  KGH  (5*6  g.,  0.1  mole),  ethar.cl  (9-2  g.,  C.2  mole)  and  water 
(9  g.,  0.5  mole)  at  reflux  temperature.  The  reaction  mixture  was  kept 
at  reflux  temperature  for  another  30  minutes  ar.d  it  was  poured  into  water. 
The  organic  layer  was  separated,  washed  and  dried.  Gas  chromate gra pry 
showed  the  presence  cf  two  main  products  ir.  this  material.  Their  amount.. 


were  estimated  by  v.p-c.  analysis.  Trey  were  separated  by  preparative 

v.p.c.  •  .0  identified  as  CF^BrZF^Ct^) (1.0  g.,  1«$  yield),  l.p. 

119. 5°  (micro),  n21  I.385I,  (I-  R.  C=C  6.07*),  (Analysis  Calcd.  for 

C,BrF.H_:  Br,  34.02.  Found:  Br,  33.2256)  and  CF_BrCF,(Cr'  )oCh\0CH. Ch' 

O  4  ,  _  p-  2  2  2  y  c  £.  3 

(5.7  g-,  6716  yield),  b.p.  185.7“  (micro',  cf-  1.3964,  d*  I.36-O, 

(Analysis  Calcd.  for  CgBrF^K^^O:  Er,  28.48.  Found*  Br,  2t.yri). 

Treatment  of  CF^BrCFClCH^CH-C? CF„Br  with  Zinc 

To  a  solution  of  olefin  (14.9  g.,  0.039  mole)  in  isopropanol  (30  ml.) 
was  added  zinc  dust  (7  g-,  0.10?  mole).  The  solution  was  stirred  with 
heating  until  a  vigorous  reaction  occurred  and  then  coded  in  a  water  bath. 


After  15  minutes  cf  a  self-sustained  reaction,  the  mixture  was  heated  to 
reflux  for  20  minutes.  The  organic  layer  was  washed  with  a  large  amount 
of  water  and  dried  with  magnesium  sulfate  and  calcium  chloride.  V.p.c. 
showed  poor  resolution  and  the  probable  presence  cf  iscpropanol.  Further 
washing  with  water  did  not  markedly  improve  the  separation.  The  material 
was  quite  viscous. 

This  mixture  was  added  tc  aqueous  potassium  hyr'^-xide  (7.4  g.,  O.I3 
mole;  20  cc  water)  and  then  refluxed  for  30  minutes.  The  mixture  turned 
dark  brown  and  washing  with  water  gave  no  organic  liquid,  only  a  dark 
brown  solid. 

Dehydrohalog  nation  of  CF^ClGF^CCl^CH^CtCT^LCl 

CF2C1CF2CC12CH2C(CH^)2C1  (15  g.,  0.05  mole)  was  refluxed  with  ethanolic 
(25  ml.)  potassium  hydroxide  (11  g.,  0.2  mole.'  for  2  hours.  The  reaction 
mixture  was  poured  into  water  (200  ml.)  and  the  organic  product  separated 
and  dried.  The  product  (8  g.)  showed  four  major  components  by  v.p.c., 
three  of  which  were  isolated  ir.  a  pure  state  and  identified  (see  properties 
in  Table  XIV).  The  fourth  product  contained  trace  impurities,  but  the 
infrared  spectrum  shewed  absorption  at  5-024  which  is  associated  with  the 
allone  structure. 

4.  Some  Free  Radical  Additions  cf  Haloalker.es  to  Diallyl  Sther 

A  stirred  solution  of  CI^BrCFCIBr  (498  g.,  1.8  mole),  diallyl  ether 
(32.7  g.,  0.3  mole)  ana  benzoyl  peroxide  (5  g-»)  was  refluxed  for  3  hours. 
Unreacted  starting  material  were  distilled  off  and  the  residue  was  washed 
with  sodium  bicarbonate  solution,  water  and  dried. 

Fractional  distillation  gave  Br  Q.CH2CFClCF2Br  (XI),  69-7  g.  (62.1)6). 
An  analytical  sample  which  was  separated  by  v.p.c.  had  the  following 

pQ  pQ 

properties:  b.p.  88/0. 15  mo.,  n£j  1.49i+0,  d  1.878  (Analysis  Calcd.  for 
C8H10Br2ClF30:  58.24;  C,  26.02;  H,  2.74;  F,  15-76)6). 

Addition  of  CF„Br„  to  Edallyl  Ether 

“  -lir  - 

A  solution  of  CF2Br2  (763  g-»  3-63  mole),  diallyl  ether  (89  g.,  0.91 
mole)  and  benzoyl  peroxide  (12  g.)  was  heated  in  an  autoclave  at  100  t  5° 
for  5  hours.  The  reaction  mixture  was  worked  up  ar  described  above  to 
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TABLE  XIV 


PROPERTIES  OF  HtODUCTS  OBTAINED  ON  TREATMENT  OF  CF  C1CF. 

WITH  ETHANOLIC  POTASSIUM  HYDROXIDE 

Molecular  Possible  Analysis 

Fonula  Structure  Calcd.  Found 

Cl  Cl 


W¥4 

WV* 

V:5C1F4 

*CJl5ClFk 


CF2C1CF2CC12CH=C( CH3 )2 


CFgC^CClgC^C 


^2 


XH 

CF?C1CF„CC1-CHC'^’  2 
XH„ 


cf2cicf2c=cc^ 


>*2 


CH„ 


CF2C1CF2CC1=C=C( CH^ )2 


38-95  38.55 

30.05  29.96 

17.69  17.62 


cci2ch2c(ch3)2ci 

Infrared 
Absorption  (u) 


6.1 

6.12  6.26 

4.44  6.18 

5.04 


*  trace  impurities  present 


yield  Br  £vCH2CF2Br  tfll)82.6  g.  (29-2%);  b.p.  ?0/0.2  mm.,  n^1  1.4946; 
d21  1.823  .^Analysis  Calcd.  for  C^Br^O;  MRjj  49.60;  C,  27.30;  Hf  3.27. 
Found:  *^  49*34;  C,  27.26;  H,  3.24%). 

Addition  of  CF^BrCHFBr  to  Diallyl  Ether 

A  solution  of  CF2BrCHFBr  (362  g.,  1.5  mole),  diallyl  ether  (40  g.# 

C.4  mole)  and  (CH_ )~CN=NC(CH,  L  (7  g.)  was  refluxed  for  48  hours.  The 

3  1  I  3,: 

CN  CN 

reaction  mixture  was  worked  up  as  described  above  to  yield: 

Br  QXH^FHC^Br  l2.fi  g.  (9.4%);  b.p.  90/1.3  mm.,  n£°  1.4443,  b.p. 

90/1:3  mm.,  I.443.  (Analysis  Calcd.  for  CgH^^Br^O:  C,  28.24;  H, 
3.24.  Found:  c,  28.27;  H,  2.68%). 


Sehalogenation  cf  Br 


CPC1CF  Br  (XI) 


A  stirred  suspension  of  powdered  zinc  (13-1  g.»  0.4p  cole),  zinc 
chloride  (0.5  g.)  and  ethanol  (100  ml.)  was  refluxed  while  (XI)  (37.4  g., 
0.1  mole)  was  added  drcpwise.  The  refluxing  mixture  was  stirred  for  a 
further  3  hours.  The  solution  was  washed,  dried,  and  fractionally  dis¬ 
tilled  tc  give  Br^J~CH2CF=CF  (7.3  g-,  28.2%).  An  analytical  sample 

was  separated  by  v-P-c.  had  the  following  properties:  b.p.  62c/0. 2  mm., 

r^1  1.4594;  d21  1.546.  (Analysis  Calcd.  for  CgB^rt^C:  Ki^  46.11;  C, 

37.09;  H,  3.89;  Br,  30.84;  F,  22.00.  Found:  10^  45.84;  C,  36.93;  H,  3.89; 

Br,  30-88;  F,  22.12%). 

Reaction  XI  with  LiAlH. 

- 4 

Lithium  aluminum  hydride  (9.4  g.,  r  .24  mole)  was  placed  in  a  cooled 
flask  and  tetrahydrofurar.  (100  ml.)  was  added  with  stirring.  The  sus¬ 
pension  was  heated  to  reflux  and  XI  (91.0  g.,  0.24  ncle)  was  added  drop- 
wise  at  a  rate  sufficient  tc  maintain  reflux  without  external  heating. 

The  mixture  was  refluxed  for  another  hour,  coded  and  water  added 
carefully.  The  mixture  was  stirred  into  cold  dilute  sulphuric  acid, 
the  organic  layer  was  separated,  washed  with  water  and  dried.  Fractional 
distillation  gave  (^CH2CF=CF2  (L)  I3.0  g.  (13.1%)  ar.J  Br  C^CF^CF,, 

16.1  g.  (25.9%)  which  was  consistent  with  the  previously  prepared  sample. 
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An  analytical  sample  of  (L)  which  was  separated  by  v.p.c.,  had  the 
following  properties:  b.p.  ?6°/32  ran.,  1.4107;  d20  1.137.  (Analysis 
Calcd.  for  CgE^F^O:  KRp  38.43;  C,  53-33;  H,  6.15.  Found:  MR^  38-64; 

C,  53-ifc;  H,  6.27%). 

Addition  of  Chlorine  to  Diallyi  Ether 


Chlorine  was  bubbled  through  a  solution  of  diallyl  ether  (98  g., 

1.0  sole)  and  cone,  hydrochloric  acid  (600  g.)  at  3  -  7°.  The  organic 
layer  was  separated,  washed  with  water  and  dried.  Fractional  distillation 
gave  ca2aCHClCH20CH2CH=CH2  (LI)  (44.7  g.,  27.4%)  and  (CI^CICHCICH^O 
(LEU  078.0  g.,  32.5%,  which  had  properties  consistent  with  an  authentic 
sample. 

An' analytical  sample  of  (LI)  had  the  following  properties:  b.p.  52°/ 
2.6  mm.,  n^1  1.4645,  d21  1.152.  MRjj  Calcd.:  40.68;  Found:  40.89. 

Addition  of  CF_BrCFClBr  to  (II) 

A  solution  of  CF2BrCFClBr  (110  g.,  0.4  mole),  the  ether  (LI)  (16.9  g., 
0.1  mole)  and  benzoyl  peroxide  (3  g.)  was  refluxed  for  3  hours.  Un¬ 
reacted  starting  materials  were  distilled  off  and  the  residue  was  washed 
with  sodium  bicarbonate  scluticn,  and  water,  and  finally  dried.  Fractional 
distillation  of  the  residue  gave  CF_BrCFClCHoCHBrCHo0CH.CHCiCH,Cl  (UII) 

■c-  C  4  4  4 

(12.0  g.f  29.0%).  An  analytical  sample  separated  by  v.p.c.  had  the 
following  properties:  b.p.  i0f°/0.2  ram.,  1.4911,  d20  1.808.  (Analysis 
Calcd.  for  C^B^Cy  0:  MR-,  70.91;  C,  21. 58;  K,  2.26;  F,  12.78%. 

Found:  MP^  71.40;  C,  22.84;  H,  2.63;  F,  I3.33.'. 

Pehaloeenaticn  of  CF_BrCFClCH_CHBrCH_OCH.rHClCH.Cl  (UII) 

The  ether  (IHI)  (55-0  g.,  0.12  mole)  was  added  dropwise  to  a  stirred 
refluxing  suspension  of  powdered  zinc  (31.2  g.,  0.u8  mole)  and  zir.c 
chloride  (1.0  g.)  in  absolute  ethanol  (100  ml.).  The  mixture  was  refluxed 
for  a  further  hour.  The  suspension  was  poured  into  water,  extracted 
with  ether  and  dried.  Fractional  distillation  gave- CH2C1CHC1CH20K  (8.5  g.) 
and  CF=CFCH2CHBrCH20CH2CHCiCH2Cl  (UV)  (9.3  g.,  23*5%)  b.p.  ?6°/0.3  rain., 
r2°  1.4661,  d20  1.584.  (Analysis  Calcd.  for  CgH^BrCl^O:  MRD  57-92; 

C,  29.16;  H,  3.05;  F,  '7.20.  Found:  MR-  57.74;  C,  29-91;  H,  3-04;  F, 


D.  Monomers  Synthesis  for  Contract  Associates 

1.  Preparation  of  Octafluoroacetophenone 

a.  Pentafluorophenylmagnesium  bromide,  prepared  from  bromopenta- 

flur —,-«.izene  (26.8  g.),  was  reacted  with  lithium  trifluoroacetate  (13<1  g.) 
ur  .  ‘ ticns  described  in  the  literature  '  to  give  octafluoro- 

ace  toohencne  (9.2  g . ) . 

b.  Pentaflucrcphenylmagnesium  bromide,  prepared  from  bromopenta- 
fluorobenzene  (2.46  g.),  was  added  to  a  stirred  solution  of  trifluorc- 
acetic  anhydride  (2.2  g.)  in  ether  (20  cc.)  at  -78°.  The  mixture  was 
allowed  to  warm  to  room  temperature,  and  hydrolyzed  with  ammonium  chloride 
solution.  Inspection  of  the  ethereal  layer  by  gas  chroma to graphy  in¬ 
dicated  that  no  octafluoroacetophenone  had  been  formed. 

c.  Trifluoroacetyl  chloride  (1.4  g.)  and  aluminum  chloride  (1.5  g.) 
were  added  to  a  stirred  so-1  itior  of  pentafluorcbenzene  (1.2  g*)  in  tetra- 
chloroethane  (15  cc.)  at  -40°.  The  mixture  was  allowed  to  warm  up  and 
was  stirred  at  room  temperature  for  7  hours  under  a  Dry  Ice  condenser. 
Analytical  gas  chromatography  indicated  that  no  octafluoroacetophenone 
had  been  formed. 

2.  Preparation  of  Octafluoro styrene 

Chlo rodifluo re acetaldehyde .  Lithium  hydride  (8.0  g.)  was  added 
slowly  to  a  well-stirred,  coaled  (0~)  solution  of  chiorodifluoroacetic 
acid  (I3O.5  g.)  in  ether  (400  cc.).  Simultaneously,  a  solution  of 
lithium  aluminum  hydride  (9.5  g.)  in  ether  (250  cc.)  was  prepared  by  re¬ 
fluxing  the  hydride  in  the  ether  for  4  hours.  The  solution  of  lithium 
aluminum  hydride  was  added  dropwo.se  tc'the  stirred,  cooled  solution  of 
lithium  chlorodifluoroacetate.  After  all  the  lithium  aluminum  hydride 
had  been  added,  the  solution  was  hydrolyzed  carefully  with  water  (200  cc.) 
and  then  dilute  hydrochloric  acid.  The  ether  layer  was  separated,  dried 
over  KgSO^  to  remove  excess  water  and  fractionally  distilled  through  a 
glass  packed  column.  Ether  was  removed  first  at  3^*5  ,  then  the  tem¬ 
perature  rose  to  about  80°,  and  then  it  dropped  to  about  20°.  The  most 
plausible  explanation  is  that  the  hydrate  of  the  aldehyde  was  dis- 
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proportionating  under  strong  heating  to  give  the  aldehyde  (b.p.  18°)  and 
a  higher  hydrate-  The  low-boiling  fraction  20  -  3O0  was  collected,  some 
■ore  ether  added,  arid  fractionally  redistilled  to  give  aldehyde  (28  g.) 
b.p.  18°  and  a  Mixture  of  ether  and  aldehyde  (approx.  4  g.  of  the  latter) 
b.p.  18  •  33  •  An  attempt  was  made  to  dehydrate  the  hydrate  of  the  al¬ 
dehyde  by  adding  it  to  a  stirred  solution  of  phosphorus  pentoxide  in 
concentrated  sulphuric  acid.  Considerable  polymer  was  formed  and  only 
a  little  aldehyde  distilled  off.  (By  using  reduced  pressure  it  may  be 
possible  to  remove  the  aldehyde  to  a  cold  trap  before  the  polymerization, 
which  appears  to  accelerate  in  the  presence  of  acid,  takes  place  to  any 
large  extent.) 

2-Chloro-2 .2-dlfluoro-l-pentafluoroPhenylethanol  Chlorodifluoro- 
acetaldehyde  (30  g.)  was  bubbled  into  a  stirred  solution  of  pentafluoro- 
pfcenylmagnesium  bromide  (from  pentafluorebrooobenzene  (60  g.).  After 
all  the  aldehyde  had  been  added,  the  solution  was  hydrolyzed  with  dilute 
hydrochloric  acid,  the  ether  layer  was  separated  and  dried  (MgSO^). 

The  excess  ether  was  removed  tc  give  dark  solid  material  (54  g.).  (A 
previous  small-scale  reaction  had  shcvr.  that  this  was  60  -  7G%  by  weight 
alcohol,  the  residue  being  invclatiie  material;  purification  if  necessary 
is  extremely  facile  as  the  alcohol  readily  sublimes  - )  An  analytical  gas 
chromatogram  indicated  only  one  product. 

2-Chloro-l t2 .2-trifluoroethylper.tafluo rober.zene  The  crrde  alcohol 
was  placed  in  an  autoclave  (3OO  ml.)  with  excess  sulfurtetrafluoride. 

The  autoclave  was  rocked  at  80°  for  6  hours  and  allowed  to  cool  in  an 
ice  bath.  Excess  SF^  was  bled  off  slowly  ever  a  period  of  2  -  3  hours. 
The  contents  of  the  pot  were  thrown  into  water  i.200  cc. ) .  (Some  solid 
polymeric  material  is  evident  at  this  stage  if  the  crude  alcohol  is  used; 
however,  in  a  small-scale  react?  1  with  the  pure  alcohol,  the  product  is 
a  clear  liquid.)  Enough  ether  was  added  tc  form  ar.  organic  layer  lighter 
than  water;  in  this  way  the  insoluble  polymeric  material  separated  to  the 
bottom,  while  all  the  desired  product  was  obtained  in  the  ether  layer 
which  was  separated,  dried  (MgSO^)  and  fractionally  distilled  to  remove 
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the  ether.  The  residual  product  was  vacuum  distilled  for  PgO,.  to  *ive 
2-chloro-l,2,2-trifluoroethylpentafluorcbenzene  (38  g.).  This  product 
was  chrcmatographically  pure. 

Octafluorostyrene  2-Chloro-l ,2 , 2-trifluoroethylpentafluorobenzene 
(17  g.)  was  added  at  a  fast  drop  rate  to  a  vigorously  stirred  solution 
of  fused  potassium  hydroxide  (200  g.)  at  17C°  in  a  three-necked  copper 
flask.  A  stream  of  nitrogen  was  flowing  through  to  assist  immediate 
removal  of  the  product  which  was  trapped  in  two  traps  in  series*  which 
were  cooled  in  a  CX^/acetone  bath.  The  product  (12.0  g.)  was  inspected 
by  analytical  gas  chromatography  (Si  gum)  and  shown  to  consist  of  one 
major  product,  a  little  starting  material  and  a  small  quantity  of  two 
products  having  a  similar  retention  time  to  that  of  the  starting  material. 
The  mixture  was  separated  by  preparative  gas  chromatography  (Si  gum 
packing)  to  give: 

(  i)  Octafluorostyrene  9.4  g.  (64%  conversion) 

(ii)  residue  2.0  g. 

Similar  attempts  to  dehydrcchlorinate  the  substituted  ethyl  benzene 
at  higher  temperatures  gave  the  following  results: 


The  structure  of  the  styrene  was  confirmed  by  reference  to  published 

physical  data  ^10^.  There  was  considerable  discrepancy  in  the  refractive 
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index  (our  sample  n^  1.3995,  literature  quoted  I.355O).  This  is  with¬ 
out  doubt  due  to  a  mistake  in  the  literature  as  all  other  data  were 
consistent. 

i.r.  absorption  at  1793  cm”1  indicated  -CF=CF2 
u.v.  absorption  at  235  mp;  w,  62u0 


sb  ulder  265  mu;  w,  1120 

Mass  spectrum  peaks  at  248  molecule  ion  CgFg 

'  W8  C7F6 

179  C?F5 

b.p.  121°  by  Swoboloff  method. 

Reaction  of  Butyllithium  with  Tetrafluoroeth  lene 

Dry  diethyl  ether  (150  ml.)  was  placed  in  a  three-necked  flask, 
fitted  with  a  gas-lead,  reflux  condenser  and  dropping  funnel,  and  cooled 
to  -100°  under  an  atmosphere  of  dry  nitrogen. 

Tetrafluoroethylene  (12  g.,  0.12  mole)  was  bubbled  in  at  such  a 
rate  that  all  the  olefin  condensed  and  dissolved.  Butyllithium  (0.1 
mole)  in  ether  (50  ml.),  precocled  to  -78°,  was  added  dropwise  with 
stirring  and  the  reaction  temperature  allowed  to  rise  slowly  to  that  of, 
the  room,  while  maintaining  the  reflux  condenser  temperature  below  -80°. 
The  reaction  mixture  became  gelatinous  with  the  precipitation  of  lithium 
fluoride.  Hydrochloric  acid,  (20%)  was  added  until  the  mixture  became 
clear,  and  the  ethereal  layer  separated.  The  aqueous  layer  was  ex¬ 
tracted  with  ether  ctnd  the  total  ether  solutions  combined  and  dried 
(CaCl2). 

Analytical  v.p.c.  showed  the  presence  of  a  major  product  together 
with  a  small  amount  (<3%)  of  high-boi i. :  ng  material. 

Fractional  distillation  gave  1, J. ,2- triflucrohexane,  b.p.  70  -  71° 

(lit.  b.p.  70°),  (8.8  g.  64%  yield). 

E.  Aromatic  Substitutions 

1.  Chloro-I ,2-dibromo-l ,2 ,2-tri :j  n  r-  ethane  as  a  Source  of  Radicals 

Ultraviolet  Irradiation  of  Benzene  with  CF  BrCFCIBr 

Benzene  (56.2  g.,  0.72  mole)  and  CF, BrCFCIBr  (200  g.,  0.716  mole) 
were  irradiated  in  quart:,' apparatus  wit.n  a  mercury  vapour  lamp  for  5° 
hours  at  ca.  75'  •  The  product  was  wasned  cut  wit!:  benzene  and  washed  with 
aqueous  sodium  bisulfite  and  water  to  remove  bromine.  The  organic  product, 
which  showed  no  high-boiling  mate rial  on  v.p.c.  examination,  was  fraction¬ 
ated  to  remove  most  of  the  starting  materials.  The  residue  (18.3  6*)  was 
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further  distilled  to  remove  more  CF^BrCFClBr  (8.2  g.)  and  the  residue  was 
vacuum  distilled  to  give  a  volatile  material  (5*7  g.)  and  a  residual  black 
tar  (3.9  g.). 

The  high-boiling  material  (5.7  g.)  was  separated  by  v.p.c.  (Si  gum 
at  11 5°)  to  yield  (i)  CFgBrCFCIBr  (0.71  g.),  (Ii)  bromobenzene  (O.3I  g.), 
both  identified  by  infrared  spectroscopy,  (iii)  high-boiling  products 
(1.44  g.).  Further  separation  of  (iii)  yielded:  (a)  suspected 
C^H^CFClCF^Br  (0.5  g.,  0.25%  yield).  The  ^F  NMR  spectrum,  which  showed 
a  doublet  and  triplet,  the  NMR  spectrum  and  the  infrared  spectrum  were 
consistent  with  the  proposed  structure.  The  NMR  spectra  shewed  ca.  5% 
impurity  present;  (b)  three  components  (0.27  g.)  corresponding  to  (a)  and 
two  longer  retained  components. 

Similar  u.v.  irradiations  were  carried  out  using  benzoic  acid, 
bromobenzene,  pyridine  and  pentafluorobenzene  as  the  aromatic  substrates 
but  no  desired  substituted  products  were  obtained  on  distillation. 

Pyrolysis  of  CF.BrCFCIBr 

The  furnace  consisted  of  an  empty  steel  tube  (1  in.  i.d.)  of  which 
a  length  of  12  in.  was  heated  in  the  furnace.  The  furnace  temperature 
was  recorded  by  a  thermocouple. 

The  general  procedure  for  all  experiments  was  to  flush  the  apparatus 
with  nitrogen.  The  material  to  be  pyre ly zed  was  added  dropwise  over  a 
slow  stream  of  nitrogen  (ca.  1  bubble > sec. ) .  The  apparatus  was  f-  shed 
with  nitrogen  for  a  further  0.5  hour  to  remove  organic  products.  The 
organic  products  were  collected  in  a  trap  which  was  usually  cooled  in 
dry  ice /acetone. 

CFgBrCFCIBr  (2.32  g.)  was  dropped  into  the  pyrolysis  tube  at  400° 
over  a  period  of  20  minutes. to  yield  a  product  (1.44  g.,  60%  recovery  by 
weight)  which  by  v.p.c.  showed  sever,  peaks  in  the  following  percentages: 

(1)  4*;  (2)  17%;  (3)  3%;  (4)  10%;  (5)  31%.  (6)  27%  (CF^rCFClBr);  and 
(7)  8%  (suspected  CF^BrCFBr^.) 

From  a  similar  experiment  at  a  furnace  temperature  of  550°  no  liquid 
material  was  recovered,  and  at  470c  only  7.5%  by  weight  was  recovered 

which  contained  a  trace  of  longer  retained  material.  At  330°  the  product 
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(83%  recovery)  was  ca.  903 &  CFgBrCFCIBr.  The  pyrolysis  products  caused 
considerable  etching  of  the  glass  trap,  thus  HF  was  evolved  in  addition 
to  the  more  expected  HBr  and  HC1. 

Pyrolysis  of  Benzene  with  CF.BrCFClBr 

Using  the  same  procedure  and  apparatus  as  in  the  previous  experiment, 
an  intimate  mixture  of  benzene  (2.06  g.)  and  CFgBrCFCIBr  (2.05  g.)  was 
added  dropd.se  into  the  pyrolysis  tube  at  400°  to  yield  a  product  (2.86 
g.,  70%  recovery)  which  was  mainly  benzene,  bat  contained  a  longer  re¬ 
tained  product  whose  v.p.c.  retention  corresponded  to  bromobenzene . 

Pyrolysis  at  500°  gave  a  reduced  recovery  of  59%  with  the  longest 
retained  product  corresponding  to  bromobenzene  and  the  major  component 
corresponding  to  benzene.  Pyrolysis  at  330°  produced  \ery  little  re¬ 
action  and  at  590°  the  recovery  dropped  to  42%  of  which  ca.  95%  was 
benz^re.  ^ 

Passage  of  mixtures  of  CF^BrCFClSr  and  (1)  bromobenzene,  (2)  penta- 
fluorobenzene  and  (3)  a  mixture  of  CF^CH=CHBr  and  CF^CEr=CH2,  under  the 
same  conditions  as  above  gave  none  of  the  desired  products. 

Pyrolysxs  of  CF„BrCFClBr  in  the  Presence  cf  Bromine 

Passage  of  a  mixture  of  CF2BrCFClBr  (2.00  g.)  and  bromine  (1.04  g.) 
through  the  pyrolysis  tube  at  400°  ever  a  period  of  30  minutes  gave  a 
product  (1.8  g.,  59%)  which  by  v.p.c.  showed  nine  peaks  in  the  following 
percentages:  (1),  (2)  and  (3)  1.5%;  (4)  7%;  (5)  23%;  (6)  35%  (CF2BrCFClBr); 
(7)  25-5%  (suspected  CF^BrCFBr^ ) ;  (8)  3%»  and  (9)  3%-  The  Peak  numbering 
corresponds  to  that  in  the  pyrolysis  cf  CF^rCFClBr  alone.  (8)  and  (9) 
were  not  detected  in  the  pyrolysis  of  CF2BrCFClBr  alone. 

A  repeat  experiment  produced  only  14%  of  the  suspected  CF_BrCFBr  . 

Pyrolysis  of  CF2=CFC1  with  Brctcine 

Bromine  (2.23  g- )  was  dropped  into  a  tube  heated  at  53°.  A  stream 
of  nitrogen  and  CF2=CFC1  was  passed  through  the  heated  tube  to  carry  the 
mixture  with  bromine  into  the  furnace  at  400°.  It  was  noted  that  bromine 
reacted  with  the  olefin  before  entering  the  pyrolysis  tube,  thus  the  pro¬ 
ducts  were  similar  to  tnose  of  the  pyrolysis  cf  CIr2BrCFClBr  and  there 
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was  no  increase  in  yield  of  suspected  CFgBrCFBrg. 

Similar  results  were  obtained  when  the  bromine  was  added  dropwise 
at  a  point  adjacent  to  the  furnace. 

2.  1.2-Dichloro-1.2.2-trifluoroiodoethane  as  a  Source  of  Radicals 

Reaction  of  Benzene  with  CF„C1CPC1I 

(a)  CF^CICFCII  was  washed  with  aqueous  sodium  bisulfite,  and  water 
and  dried  ( Drier! te)  and  distilled. 

Dry  benzene  (1.6  g.)  and  CF2C1CFC1I  (2.8  g.)  were  sealed  in  a  Fischer- 
Porter  tube  and  heated  at  200°  for  72  hours.  Some  hydrogen  halide,  which 
was  detected  as  chloride,  was  evolved  on  opening  the  tube.  The  tube 
contained  black  solid  (carbon  and  iodine)  and  a  liquid  which  cn  examin¬ 
ation  by  v.p.c.  showed  two  products,  one  of  shorter  retention  time  and 
the  other  of  longer  retention  time  than  both  the  starting  materials. 

The  product  was  washed  out  with  ether  and  the  ethereal  solution  was  washed 
with  aqueous  sodium  bisulfite  and  water  to  remove  iodine,  and  dried  (Dri¬ 
er!  te)  .  The  ethereal  solution  was  evaporated  to  near-dryness  on  a 
rotary  vacuum  pump  to  leave  a  residue  (0.68  g.)  of  almost  pure  long  re¬ 
tained  product,  which  was  purified  by  v.p  2.  (Si  gum,  1 22°)  to  yield 
C^H^CFClCFgCl  (0.11  g.,  4.8 %  based  on  CFgCICFClI)  with  a  consistent  in¬ 
frared  spectrum.  The  ultraviolet  spectrum  was  measured  in  ethanolic 
solution  to  shou>ma^  2 Vm  C(max  6860'->^x.  559). 

>max.  262  ““  1  («i.  268  *  (  tna*.  580>-  consistent 

with  a  monosubstituted  benzene. 

(b)  Benzene  (2.34  g.)  and  CFgClCFCH  (4.6?  g.)  were  sealed  in  a 
Carius  tube  at  0°  and  heated  at  165°  for  96  hours. 

The  liquid  product  which  contained  carbon  particles  was  washed  with 
aqueous  sodium  bisulfite  to  remove  iodine  an'-'  washec  with  water.  The 
product  and  benzene  washings  were  dried  (Drierite)  and  separated  by  v.p.c. 
(Si  gum,  115°)  to  yield:  (1)  CFgCICFCIH  (0.16  g.,  6.25fc)bascd  on 
CFgClCFClI,  (2)  benzene  and  CF2C1CFC1I,  (3)  C^CFClCF^l  (0.90  g.,  23.5%). 
The  proton  NMR  showf  d  a  phenyl  group,  and  ^F  NHR  showed  a  triplet  and 
two  close  doublets  of  equal  intensity.  A  precise  explanation  for  the 
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£  it ting  of  the  doublet  cannot  be  made.  There  was  a  : inor  peak  of  longer 
intention  tine  which  was  not  isolated. 

(c)  Benzene  (5  g.)  anc  tFgCICFClI  (5  g.)  were  reiluxed  under  nit¬ 
rogen  for  140  hours.  V.p.c.  examination  of  the  product  showed  only  a 
trace  of  a  product  corresponding  to  CgH^CFClCFgCl. 

A  similar  experiment  using  brcmobenzene  with  a  reaction  time  of  90 
hours  at  180  -  190°  gave  a  product  which  was  suspected  to  be  BrC^H^CFClCF2Cl 
but  it  was  impossible  to  obtain  a  pure  sample  by  GL1-C  or  distillation. 
Repetition  of  this  experiment  in  the  presence  of  copper  dust  was  equally 
unsatisfactory. 

Reactions  cf  pen tafluorc benzene,  phenol  and  nitrobenzene  with 
GFgClCFClI  under  the  same  conditions  as  above  for  times  varying  between 
22  and  96  hours  gave  mostly  recovered  starting  materials. 

Reaction  of  benzene  (0.01  mole),  CF^BrCFClBr  (0.01  mole)  and  benzoyl 
peroxide  (0.001  mole)  in  a  Fischer-Pbrter  tube  at  155°  for  96  hours 

afforded  brcmobenzene  (9%)  and  C,K„CFClCF„Br  (5$).  A  similar  reaction 

0  5  2 

in  the  absence  cf  peroxide  gave  none  of  these  products. 

The  Effect  of  Benzoyl  Peroxide  on  the  Reaction  of  Benzene  with 
CF-C1CFC1I 

A  Fischer-Porter  tube  was  charged  with  benzene  (2 -34  g.,  0.03  mole), 
CFgCICFClI  (4.19  g.t  0.C15  mole)  and  benzoyl  peroxfds  (0.38  g. ,  0.0015 
nole).  A  similar  Lube  was  charged  only  with  benzene  (2.y+  g.)  and 
CF2C1l.  Ill  (4.19  g- ) -  The  tubes  were  sealed  and  heated  together  on  an 
cil  bath  at  170°  for  39  hours. 

A  gas  chromatogram  of  the  products  shewed  that  long  retained  material 
(pure  C^H^CFC1CF2C1)  formed  2%  of  the  volatile  products  when  benzoyl  per¬ 
oxide  was  absent  (985 lb  unchanged  starting  materials).  In  tne  presence  of 
benzoyl  peroxide,  long  retained  maten-1  (one  peak  cn  SI  gum  at  180°) 

formed  18%  of  the  volatile  products  \02^uncnanged  starting  material). 

c  o 

Re-examination  of  the  gas  chromatogram  on  Silicon  gum  at  100  and  130 
showed  that  the  long  retained  material  was  18%  iodobenzene  and  82% 
CgHj-CFClCFijCl:  overall  yield  of  C^BcCFC1CF2C1  in  benzoyl  peroxide 
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initialed  reaction  was  14.8%. 

Comparison  of  the  Reaction  of  Iodobenzene  and  Benzene  with  CF_C1CFC1I 

Iodobenzene  (2.04  g.,  0.01  mole)  and  CF2CiCFClI  (2.?9  g.,  0.1  mole) 
were  sealed  in  a  Fischer-Porter  tube.  In  an  similar  cube  benzene  (0.8  g. , 
0.01  mole)  and  CF2C1CFC1I  (2.79  g.»  0.01  mole)  were  sealed.  The  tubes 
were  heated  together  on  .an  oil  bath  at  140  -  4°  for  88- hour?. 

There  was  insufficient  reaction  to  measure  gas  chromatographic  peak 
areas  to  obtain  a  comparison. 

Reaction  of  Benzene  md  CF^CICFCII  in  the  Presence  of  Mercury  cr 

Copper 

A  Fischer-Porter  tube  was  charged  with  benzene  (0.78  g.,  0.01  mole), 
CF2C1CFCH  (2.79  g.,  0.1  mole)  and  clean  dry  mercury  (7*5  g.»  0.0375  mole). 
A  similar  tube  was  charged  with  benzene  (O.78  g.,  0.01  mole),  CF-C1CFC1I 
(2.79  g-»  0.01  mole)  and  electrolytic  copper  dust  (1.92  g.,  O.O3O3  mole). 
Another  tube  was  charged  with  benzene  (O.78  g.,  0.01  mole)  and  CF^lCFCU 
(2.79  g.»  0.01  moDe)  only.  The  tubes  were  sealed  and  heated  together, 
with  occasional  shaking,  on  an  oil  bath  at  170°  for  88  hours. 

The  organic  liquid  of  the  first  (Hg)  and  last  tubes  (blank)  was 
examined  by  gas  chromatography.  In  the  second  tube  (Cu)  the  organic 
liquid  and  copper  powder  formed  a  solid  mass  and,  therefore,  a  direct  gas 
chromatographic  examination  could  net  be  made  with  the  two  other  reactions. 
The  reaction  in  the  presence  cf  mercury  shewed  a  9-3%  conversion  to 
CgH^CFClCFgCl  (free  from  C^H^I)  whereas  in  the  blank  experiment  the  con¬ 
version  was  2  .3%. 

The  Reaction  of  Pentafluorooenzene  with  CF.C1CFCU  in  the  Presence 

cf  Benzoyl  Peroxide 

Pentafluorcben zene  (2.79  g.,  0.0166  mole),  CF  C1CFC1I  (4.19  g., 

0.015  mole)  and  benzeyi  peroxide  (0.36  g.,  0.0015  mole)  were  sealed  in 
a  Fischer-Porter  tube  and  heated  on  an  oil  bath  at  171  -  8C  for  84  hours. 

A  long  retained  peak  formed  6%  of  the  volatile  products  (by  gas  chroma¬ 
tography)  . 


Reaction  of  Pentafluorobenzene  with  CF^CICFCII  and  CF^BrCFClBr  in 

the  Presence  of  Benzoyl  Peroxide  (A  Comparison  Experiment) 

Pentafluorobenzene  (1.70  g.,  0.01  mole),  CF^CICFCII  (2.79  g**  0.01 
mole)  and  benzoyl  peroxide  (1.03  g.,  0.00425  mole)  were  sealed  in  a 
Fischer-Porter  tube  (tube  1).  Pentafluorobenzene  (1.74  g.)»  CFgCICFClI 
(2.79  g.)  and  benzoyl  peroxide  (0.5  g.»  0.002  mole)  were  sealed  in  a 
Fischer-Porter  tube  (tube  2).  Pentafluorobenzene  (1.71  g.)>  CF2BrCFClBr 
(2.77  g.,  0.01  mole)  and  benzoyl  peroxide  (0.5  g.,  0.002  mole)  were 
sealed  in  a  similar  tube  (tube  3)*  The  three  tubes  were  heated  together 
on  an  oil  bath  at  168  -  172  C  for  114  hours. 

The  products  were  examined  by  gas  chromatography  to  show  the  following 
percentages  of  long  retained  products:  Tube  1,  26.8%;  Tube  2,8.4%; 

Tube  3  22.8%.  The  remaining  73-2%  and  81.6%  in  tubes  1  and  2  were  starting 
materials  and  very  minor  short  retained  products.  In  tube  3»  in  addition 
to  starting  material?; ,  •  aas  also  2.6%  of  a  long  retained  product. 

The  product  in  tube  was  separated  by  preparative  gas  chromato¬ 
graphy  (Si  gum,  11C  V.  .vie id  the  long  retained  product  (0.29  g.)  which 
was  shewn  by  infrared  spent roscopy  tc  be  i  d : benzene  containing  a  minor 
impurity.  The  ma,};r  I-.ng  retained  pr  due*  in  tube  3  corresponded  by 
v .  p .  c .  to  bromo ber.  zene . 

3  .  Other  Aromatic  Substitution:'. 

Pentaflncrobonz.'- ; r  Ac: d  qr.d  Ammo  1 

Fentafluor. benz'  i  c  a-.-iu  (44.8  g.,  95%  yie-d)  was  conveniently  made 
by  treating  pentafluor  ner.ztr.e  with  bvyil  ■.  tni  .m  and  then  bubbling  carbon 
dioxide  through  the  lit:  -n. 

Ethanol  (.20  mi.),  m-  ww:  a  (lu  mi.  :  p.  gravity  0.9  gm-^cc.  0.25 
mole)  and  pentafluor;  tier.:  w  a<*id  g.,  v.t;,:n  ntlr'  were  placed  ir.  a 

CaitUs  tube  which  war  ati.ti  c.der  a  v  «c-  luri  e  d  shaken  at.  70-'  for  16 
hours.  The  regal  ting  .  .■nu  w  neutralized  :md  ether  extracted.  The 
ether  layer  was  dried,  ar.d  the  ether  distilled  off  to  give  a  brown  gum 
(0.5  g.) 
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1.4-Dibroaotetraflunrobenzene  and  Silver  Isocyanate 

1.  Silver  isocyanate  (3.0  g.,  0.02  mole)  and  1,4-dibromctetrafluoro- 
benzene  (3-08  g.,  0*01  mole)  were  placed  in  a  Carius  tube  with  ether 

(25  ml.)  and  shaken  at  73“  for  16  hours.  The  ethereal  solution  was  de¬ 
canted  from  the  isocyanate  and  distilled  tc  give  2.65  g-  of  the  recovered 
dibroreobenzene  (m.p.  vf  ) . 

2.  A  similar  reaction  with  dimethylformasaidc  at  10C  gave  no  re¬ 
action  . 

3.  A  similar  reaction  with  no  solvent  and  four  times  excess  isocy¬ 
anate  at  100°  gave  no  reaction. 

F.  Attempted  Preparation  of  Partially  Fluorinated  Sorbornad?  ar.es 

Diels-Alder  Addition  of  Cycloper.tadiene  and  CFC1=CFC1 

Cyclcpentadiene  was  prepared  immediately  before  use  by  fractionation 
of  dicycloper.tadiene  and  collection  of  the  fraction,  b.p.  40.5  . 

Cycloper.tadiene  (2.98  g.,  0.03  mole),  sym-dichiorcdifluoroethyiene 
(3.63  g.»  0.03  mole)  and  nydroquinone  (0.1  g.)  were  sealed  ir.  a  Fischer- 
Pcrter  tube  and  heated  cn  an  oil  bath  at  20?  -  210“  for  18  hours. 

The  product  was  shaken  with  ether  tc  leave  a  light  brown  scl  i 
(2.85  g.)  which  was  removed  by  filtration.  The  ethereal  solution  was 
dried  (Drierite)  and  evaporated  under  reduced  pressure  tr  leave  a  brown 
gum.  The  gum  did  net  separate  on  the  alumina  column  and  was  net  affected 
by  decolorizing  charcoal. 

Two  experiments  heating  the  sane  quantities  as  above  for  69  ncurs 
at  140  -  148°  and  for  jO  hours  at  170  -  180°  were  carried  cut.  As  the 
products  could  not  be  isolated  pure,  tne  products  of  these  two  experiments 
were  combined  and  dechlorination  was  attempted. 

(a)  Iodine  (0.4  g.)  was  added  tc  magnesium  (1.8  g. )  in  ether  (50  sal.). 
The  mixture  was  heated  tc  reflux  and  the  products  of  the  above  experiments 
were  added  dropvdse.  Tne  mixture  was  refluxed  for  a  further  12  hours. 

The  ethereal  solution  was  filtered  to  remove  a  black  residue  and  magnesium. 
The  magnesium  was  washed  aid  dried  tc  yield  1.6  g.  (100%  recovery).  The 
ethereal  solution  was  fractionated  ar.d  the  residue  or.  v.p.c.  examination 
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shewed  components  corresponding  to  ether  and  di cyclopen tadiene  and  a 
shoulder  on  the  di cyclopen tadiene  peak  from  an  unknown  compound. 

(b)  The  ethereal  residue  from  (a)  was  refluxed  with  zinc  dust  (6.5  g.) 
suspended  in  ethanol  (100  ml.)  for  9  hours.  The  mixture  was  filtered  to 
remove  zinc  and  fractionated  to  yield  v.p.c.  pure  ethanol  and  a  residue 
which  by  v.p.c.  showed  no  appreciable  change  from  starting  material. 

Diels -Alder  Addition  of  Cyclopentadiene  and  Perfluorcpropene 
A  Fischer- Porter  tube  was  charged  with  freshly  distilled  cyclopenta¬ 
diene  (2.06  g.f  0.031  mole)  and  hydroquinone  (0.1  g.).  Perfluorcpropene 
(5*2  g.,  O.Q35  -ole)  was  condensed  into  the  tube  under  vacuum  and  the  tube 
was  heated  at  170°  for  117  hours.  Unchanged  perfluoropropene  (1.5  g., 

29)6)  was  recovered  and  the  residual  liquid  examined  by  gas  chromatograpy 
to  show  ca.  91)6  Oiels-Alder  adduct,  the  other  components  being  perfluoro¬ 
propene  and  dicyclopp- tadiene  (trace).  The  liquid  was  separated  by  gas 
chromatography  (Si  gum,  100°)  to  give  5-triflucrcmethyl-5,6-difluoro- 
norbom-2-ene  (1.0  g.,  19%,  based  on  unrecovered  olefin)  b.p.  140°; 
n^°  1.3774  (lit.  b.p.  141°;  n^°  1.3741/,  which  was  oxidized  by  an  acetone 
solution  of  potassium  permanganate  and  decolorized  3%  bromine  in  carbon 
tetrachloride.  The  low  recovery  of  Biels-Alder  adduct  may  be  due  to  poor 
gas  chromatographic  recovery  but  probably  is  due  to  the  presence  of  a 
hig’  percentage  of  in vela tile  material  in  the  product,  such  as  the  products 
of  further  Diels-Alde’-  additions. 

The  pre-ten  IMEt  spectrum  of  the  simple  adduct  was  typical  of  a  1,4- 
adduct. 

Diels-Alder  Addition  of  Oyclupen tadiene  and  Perfluorobutene-2 
A  Fischer- Porter  tube  was  charged  with  freshly  distilled  cvclo- 
pen  tadiene  (2.0  g.,  G.O3Q3  mole)  and  nydrequinone  (0.1  g . ) .  Perfluorc- 
butene-2  (6-3  g*»  0.0315  mole)  was  condensed  into  the  tube  -under  vacuum 
and  the  mixture  was  heated  on  an  oil  bath  at  146  -  156^  for  6y  hours. 

The  Fischer-Fcrter  tube  leaked  during  the  reaction  and  1.0  g.  cf  material 
was  lost.  Unchanged  perfluorobutene-2  (0.05  g.)  was  recovered  or.  opening 
the  tube.  The  residual  crude  product  (6.0  g.),  which  contained  perfluoro- 
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butene-?  and  traces  of  cyclopentadiene  in  addition  to  a  main  product  of 

the  suspected  Diels-Alder  adduct,  was  separated  by  gas  chromatography 

(Si  gum,  100°)  to  yield  5»6-b;  s(trifluoromethyl)-5,6-difluoro-norbom-2- 

ene  (4.0  g.,  5C£  based  on  cyclopentadiene),  n^*^  1.3655*  (Analysis 

Calcd.  for  C^Fgi  C,  40.62;  H,  2.27 ;  F,  57.11.  Found:  C,  40.46;  H,  2.26; 

F  (by  difference),  57 .28$).  The  nsrbomene  was  oxidized  by  an  acetone 

solution  of  potassium  permanganate  and  decolorized  a  bromine  solution 
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in  carbon  tetrachloride.  It  gave  consistent  infrared  and  F  1801 
spectra.  The  proton  IMR  spectrum  proved  the  aduuet  to  be  a  Diels-Alder 
adduct  rather  than  a  1,2-addact. 

Attempted  Dehalogenaticn  of  5.6-Difluoro-S.6-bis( trifluorcmethyl) 

no"bomene 

The  norbcrn-2-ene  (30.0  g.)  was  added  drorvise  ever  a  period  of  15 
minutes  to  a  stirred  suspension  of  zinc  (12  g.)  and  zinc  chloride  (0.1  g.) 
in  isopropanoi  (40  ml.).  The  refluxing  was  continued  for  a  further  4 
hours.  Ho  reaction  was  indicated  by  gas  chromatography.  A  further  10  g. 
of  zinc  was  added  and  the  stirred  mixture  refluxed  for  Z .75  hours. 

There  was  no  apparent  reaction.  The  zinc  was  faltered  off  and  the  fil¬ 
trate  fractionated  to  remove  most  of  the  isoprcpar.ol.  The  residue  was 
separated  by  gas  chroma  tograpny  (Si  gum,  10C  )  to  yield  the  norbomene 
(21.9  g.,  73%  recovery),  as  indicated  by  infrared  spectroscopy. 

Attempted  Dehvdxxhaloeenaticn  of  r).6-Diflucro-5.6-bis(trifluoro- 

methyi )norbornene 

The  r.orbcm-2-ene  (2.75  g- was  dropped  onto  molten  potassium  hy¬ 
droxide  (1C  g.!  at  220''.  After  refluxing  for  i  minute,  the  mature  was 
cooled,  water  was  added  and  the  organic  layer  separated  to  yield  unchanged 
starting  material  (2.3  g.,  84%  recovery)  at  shewn  by  gas  chromatography 
and  infrared  spectroscopy. 

Dechlorination  of  CF^CCi^GCl^CF^ 

A  stirred  suspension  of  zinc  dust  (150  g.)  and  zinc  chloride  (2.5  g.) 
in  reagent  grade  dioxane  (150  ml.)  was  orought  to  reflux  in  a  3-necked 
flask  fitted  with  a  1-foot  fractionation  column  and  head.  The  cutlet 
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of  the  fractionation  head  lead  to  a  trap  cooled  at  -78°. 

A  saturated  solution  of  2,2,3,3-tetrachlorohexafluorobutane  (304  g.) 
in  dioxane  was  added  drcpwise  to  the  suspension  at  such  a  rate  to  give 
a  steady  reflux  at  the  fractionation  head,  where  the  fraction  boiling  up 
to  72°  was  collected.  Fractionation  vas  continued  after  the  chloro- 
fluoroalkane  had  been  added  and  the  fraction  up  tc  b.p.  95°  was  collected. 

The  experiment  was  repeated  with  196  g.  of  alkane  and  proportionate 
amounts  of  zinc,  etc. 

The  distillates  were  combined  arc  fractionated  to  give:  CF^CC1=CC1CF^ 
(368  g.t  96J&  yield)  containing  small  -..-ces  cf  low-boiling  component  and 


dioxane. 

Only  traces  of  material  condensed  - ..  the  cooled  (-78°)  trap. 

Addition  of  Cyclopen tadiene  to  2,3-Dichiorchexafluorobutene-2 
Freshly  distilled  cvrlopentadiene  (19-8  g. ,  0.3  mole),  2,3-dichloro- 
hexafluorobutene-2  (78.4  g.,  O.336  aide)  and  hydroquinone  (1.0  g.)  were 
rocked  in  a  3O0  ul.  autoclave  at  145°  for  i6  hours. 

The  product  was  steam  distilled.  The  distillate  was  an  immiscible 
liquid  at  first,  but  scon  a  solid  condensed.  The  condenser  was  changed 
to  an  air  condenser  which  extended  under  iced  water.  Tne  total  organic 
oistillate  in  ether  (65-19  g.)  ccr.tainea  53^  cf  tne  adduct  'ey  gas  enromat- 
ographic  peak  area.  Therefore,  estimated  yield  of  adduct  based  on  cyclo- 
pentadiene  was  38.6%. 

A  sample  was  purified  by  gas  chromatography  (Si  grm,  110  and  dried 

by  sublimation  at  125  under  reduced  pressure  to  yield  5»6-dichlore-5»6- 

bis ( tri fluoremethyl )norborr.-£ -er.e .  f.Ana.vsis  Galcd.  for  C. 

- * -  i  o  2  o 

36.15;  H,  2.02.  Found:  C,  35-91;  H,  1,89%).  The  sublimate  was  easily 


oxidized  by  an  acetone  solution  cf  potassium  permanganate  and  slowly  de- 
cclorized  3 %  bromine  in  carbon  tet rachlc ride Tne  infrared  spectrum 
showed  very  weak  C-H  absorption  ana  C=C  aosorpticn  could  not  be  detected 
above  the  background  noise.  There  was  absorption  at  7-7M  -  9.1m 
attributable  to  C-F. 

The  preton  HKR  spectrum  in  CFCi^  solution  was  consistent  with  a 
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1,4  adduct. 

Dechlorination  of  5.6-Dichloro-5«6-bis( trifluoromethyl)-norborn-2»ene 

Magnesium  Iodide 

Iodine  was  dried  by  sublimation  under  reduced  pressure.  The  nor- 
bornene  (53$  solution  in  ether)  was  dried  over  Drlerite. 

Iodine  (0.41  g.),  magnesium  (1.94  g.)  and  dry  ether  (100  ml.)  were 
refluxed  for  0.5  hour.  5«-6-Dichiorc-5,6-bis(  tri?iuorcmethyi)nerfccrn-2- 
ene  (30  g.  of  a  53%  solution  in  ether  =  15.9  g.  r.crboner.e)  was  added  to 
the  refluxing  mixture  over  a  period  of  5  minutes.  Refluxing  was  contin¬ 
ued  for  8  hours.  The  magnesium  turnings  (2.C?  g.)  were  filtered  off  and 
washed,  but  remained  dull  after  repeated  washings  with  ether. 

The  filtrate  was  distilled  using  a  6-inch  Vigreux  column  tc  remove 
most  of  the  ether.  A  gas  chromatogram  of  the  residue  (27.22  g.)  showed 
a  trace  of  the  dechlorination  product,  but  starting  material  formed  59.?$ 
of  the  mixture  (from  gas  chromatogram  peak  area).  This  is  equivalent 
tc  16.2  g.;  therefore,  recovery  cf  no  rb:  mere  was  quantitative. 

(2)  Zinc  pewaer  was  activated  prior  tc  use  by  washing  with  dilute 
hydrochloric  acid,  water,  and  acetone  ar.d  drying  on  a  vacuum  line. 

5,6-Di chic ro-5,6-bis(trifluo rome thy i ) r.& rbc rr. -2 -ene  (3O.O  g.  of  a 
5J%  solution  ir.  ether  =  15 .9  g.  norbcmer.e)  was  added  tc  a  refluxing 
stirred  suspension  of  activated  zinc  dust  (5.0  g.)  in  iscpropar.ol  (50  ml.) 
over  a  period  of  15  minutes.  There  was  an  apparer.t  increase  in  reflux 
rate,  but  this  may  have  beer,  doe  to  the  presence  cf  ether.  Refluxing  and 
stirring  were  continued  for  a  further  2  hours,  when  mere  activated  zinc 
(4.0  g.)  was  added  and  the  reaction  continued  for  another  3  hours. 

A  gas  chromatogram  cf  the  filtered  product  shewed  a  main  peak  cor¬ 
responding  tc  2,3-bis(triflucrcmethyi)norbcrn3diene.  The  product  was 
fractionated  (1*  column)  tc  yield  a  distillate  (17. ?1  g,)  containing 
12.4$  cf  the  product.  The  residual  liquid  (52*64  g.)  contained  an 
estimated  10.95$  cf  the  dechlorination  product. 

A  sample  (3.30  g. '  of  the  residual  liquid  was  separated  by  gas  chroma¬ 
tography  (Si  gum,  90°)  to  yield  the  dechlorination  product  2,3-bis(tra- 
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fluoroaethyl Jnorbomadiene  (0.51  g.)  which  had  an  identical  infrared 
spectrum  to  an  authentic  sample  (see  later).  Estimated  yield  of  norbom- 
adiene:  C.51  g.  in  3*3°  g-  Therefore,  residual  liquid  contains  ca. 

8.15  g.  Distillate  contains  12.4%  (=2.2  g.).  Therefore,  estimated  yield 
=  10.35  g.  =  86%. 

Dechlorination  of  2.3-Dichlorohexafluorjbuter.e-2 

2, 3-Diciilorohexafluoro butene-2  (233  g- »  1.0  mole)  was  dried  over 
Drierite  and  added  dropwise  ever  a  period  of  3  hours  tc  a  stirred  re¬ 
fluxing  suspension  of  zinc  (85  g.)  and  zinc  chloride  (1  g.)  in  glacial 
acetic  acid  (200  ml.).  The  acetylene  was  collected  through  the  top  of 
the  water  condenser  in  an  acetone /dry-ice  coded  trap.  The  reaction  was 
continued  for  2  hours  when  more  zinc  (20  g.)  was  added  and  the  reaction 
continued  for  a  further  2  hours. 

The  material  in  the  acetone /dry-ice  trap  was  distilled  into  another 
trap  to  yield  hexafluorcbuiyne-2  (17-6  g.,  35%  yield  based  on  unreacted 
olefin),  which  gave  an  infrared  spectrum  consistent  with  an  authentic 
specimen. 

The  zinc  dust  was  filtered  from  the  liquid  in  vie  flask  and  the 
filtrate  fractionated  tc  yield  2,3-diohicrohexafluorcbutene-2  (I6C.9  g.), 
which  was  contaminated  with  snail  quantity  c  f  low-boiling  compound 
(probably  a  reduction  product). 

Addition  of  Cyclopentadier.e  tc  Hexaflucrobat.yne-2 

Hydroquinone  (0.2  g.)  and  freshly  distilled  cyclopentadiene  (5.62  g. 
0.085  mole)  were  weighed  into  a  hard  glass  tube  (ca.  100  ml.  capacity). 
Hexaflucrobutyne  (17.6  g.)  was  condensed  in,  the  tube  sealed  under  vacuum 
and  heated  at  130°  for  15  hours. 

On  opening  the  tube, hexaf lucre cu iyne  (1.3  g.)  distilled  cut  ar.d  was 
identified  by  its  infrared  spectrum.  A  gas  enremategram  cf  the  residual 
liquid  (22.71  g.)  shewed  low-boiling  components,  a  main  peak  with  a  small 
shoulder  and  a  trace  of  dicyciopentadiene. 

Separation  of  20.7  g.  by  gas  chromatography  (Si  gum  104°)  yielded 
(1)  low  boilers  +  (4)  dicyciopentadiene,  (3-37  g.)  (2)  main  peak,  2,3- 
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bis ( 1  ri f luo rcmo  thy 1 ) no rbo madi ene  (14.48  g.).  (Analysis  Calcd.  for 
C9H6F6:  C,  47.38;  H,  2.65;  F,  49-97.  Found:  C,  47.43;  H,  2.75;  F  (by 
difference),  49*82%).  The  pure  product  was  easily  oxidized  by  a  potassium 
permanganate  solution  in  acetone  and  decolorized  a  J%  bromine  solution 
in  carbon  tetrachloride.  The  infrared  spectrin  shewed  moderate  intensity 
absorption  at  5-924  which  is  consistent  with  CF_G=C-CF0,  and  C-H  and 
C-F  absorptions.  The  proton  NMR  was  completely  consistent  with  a  Diels- 
Alder  adduct,  (3)  main  peak  residue  +  shoulder  (0.41  g.),  contained  77% 
of  the  norbomadiene.  Total  yield  norbomad'.dne:  14.8  g.,  ?6%  (based 
on  cyclopetnadiene) . 

Addition  of  Cyclopentadier.e  to  sym-Dichlorodiflucrcethylene 
A  3®0  ml*  autoclave  was  charged  with  hydroquinene  (1  g.),  freshly 
dist:lled  cyclopentadiene  (33  g.,  0.5  mcle)  and  CFC1=CFC1  (68  g.,  0.51 
mole)  and  heated  at  165  -  170°  for  65  hours.  He  low-boiling  products 
distilled  out  cn  opening  the  autoclave. 

The  black  liquid  product  (96-7  g-)  was  steam  distilled.  The  orgaiac 
material  (11.3  g-)»  distilling  over  after  several  hears,  was  a  pure  nigh- 
bciling  viscous  liquid,  which  showed  C-H,  weak  C-C  and  C-F  absorptions 

in  the  infrared  spectrum.  This  material  partially  solidifed  on  standing* 
The  first  part  of  the  steam  distillate  was  distilled  under  high 
vacuum  tc  yield  (1)  a  liquid  (1C .29  g.)  containing  61.8%  adduct,  (2) 
pure  adduct  (3*27  g.),  (3)  a  residue  (21.62  g.)  which  contained  only  a 
trace  of  simple  adduct.  Therefore,  estimated  yield  of  simple  adduct  - 
6*35  g*  (from  fraction  1)  ♦  3.27  g.  =  9.62  g.  =  9*7%  based  on  cyclo- 
pentadiene.  Total  yield  of  high-bciling  visccus  products  was  32.96  g. 

A  sample  cf  the  simple  adduct  was  parifiea  by  gas  chromatography  tc 
yield  5*6-dichlorc-5,6-difluorcr.crborn-2-ene.  (.Analysis  Calcd.  for 
C?H6C12F2:  C,  42.24;  H,  3.04.  Found:  C,  42.54;  H,  3-29%)* 

The  infrared  spectrum  shewed  relatively  strong  C-H  absorption  and 
absorption  attibutable  tc  C-F  and  C-Cl.  The  pure  product  was  easily 
oxidized  by  ®n  acetone  solution  of  potassium  permanganate  and  decolorized 
a  3%  solution  of  bromine  in  carbon  tetrachloride.  The  proton  HKR  spectrum 
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was  completely  consistent  with  a  l,4-(Diels-Alder)  adduct.  The  F  NKR 
spactrum  was  inconclusive. 

Attempted  Dehalogenation  of  5.6-Dichloro-5.6-Difluoro-norborn-2-ene 

5»6-Dichlore-5,6-difluoronorborn-2-ene  (12.5  g-  of  a  655^  solution 
in  ether  =  8.1  g.  norbomer.e)  was  added  dropwise  over  a  period  of  10 
minutes  to  a  stirred  refluxing  suspension  of  activated  zinc  (5  g.)  in 
isopropanol  (30  ml.).  The  reaction  was  continued  for  1.5  hours  when  ad¬ 
ditional  activated  zinc  (5  g.)  was  added  and  the  reaction  continued  for 
a  further  3  hours.  A  chromatogram  of  the  product  showed  only  starting 
material  and  isopropanol.  The  product  was  filtered  and  fractionated. 

The  first  1  ml.  of  distillate  was  pare  isoprcpanol  as  was  the  regaining 
distillate.  Host  of  the  isopropanol  was  fractionated  off  to  leave  a 
residue  (26.10  g.)  of  45-6%  norbomene  in  isopropanol.  This  is  equi¬ 
valent  to  11.9  g.  norbomene  =  955“  recovery  of  starting  material. 

Addition  of  Cyclopentadiene  to  Trifluoroethylene 

A  3OO  ml.  autoclave  was  charged  with  freshly  distilled  cyclopenta¬ 
diene  (300  g.,  0.5  mole)  and  hydrcquinone  (1.0  g.).  Trifluoroethylene 
(44  v.,  O.537  mole)  was  condensed  under  vacuum  into  the  autoclave  which 
was  heated  at  165°  for  17  hours.  On  opening  the  autoclave,  trifluoro¬ 
ethylene  (23-4  g.t  53%)  distilled  out. 

The  residual  liquid  and  ether  washings  were  steam  distilled  to  give 
an  initial  organic  steam  distillated  (37.1  g.)  and  a  later  organic  dis¬ 
tillate  which  was  a  high-boiling  viscous  liquid  (8.25  g-)  cf  at  least  three 
components .  The  initial  steam  dis  dilate  was  distilled  to  give  (1)  ether 
+  trace  of  adduct  (5-54  g.),  (2)  adduct  (3.58  g.)  >95%  pure,  (3)  4.68  g. 
containing  73-6%  adduct,  (4)  17.84  g.  containing  28.6%  adduct,  (5)  2.38  g. 
cf  high-boiling  material  containing  trace  cf  the  simple  adduct,  (6)  a 
small  brown  tarry  residue.  Estimated  yield  of  simple  adduce.*  12.1  g.  = 

33%  based  on  unrecovered  olefin. 

A  sample  of  the  adduct  was  separated  by  preparative  gas  chromatography 
(Si  gum,  95°)  to  yield  5»5j6-trifluoronorbcrn-2-ene.  (Analysis  Calcd. 
for  C^F  .  C,  56.75;  H,  4.77;  F,  38.48.  Fiund:  C,  56.91;  H,  4.68%; 
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F  ( by  difference),  The  proton  NMR  spectrum  was  inconclusive  but 

19 

the  F  NMR  spectrum  indicated  a  mixture  of  two  iscoers  of  the  Diels-Aider 
adduct. 

Attempted  Dehydrcfluorination  rf  5. 5.6-Triflucronorbcrn-2-ene 

(1)  Aqueous  Potassium  Hydroxide 

The  norbomene  (ca.  8.52  g.  in  high-boiling  material,  total  wt. 

22 . 54  g.)  was  refluxed  for  4  hours  with  aqueous  potassium  hydroxide  (13 
g.  in  40  ml.  H?0).  A  gas  chromatogram  of  the  organic  phase  (20.98  g.) 
showed  only  starting  materials. 

(2)  Aqueous  Alcoholic  Potassium  Hydroxide 

The  norbomene  mixture  (19.46  g.)  was  added  over  a  period  of  20 
minutes  to  a  refluxing  solution  of  potassium  hydroxide  (9  g.)  in  ethanol 
(20  ml.)  -  water  (5  ml.)  solution.  The  mixture  was  refluxed  for  7  hours. 
There  was  a  considerable  darkening  of  both  phases .  After  normal  work¬ 
up,  an  organic  product  (18.7  g .)  containing  4 6%  of  the  norbomene  was 
recovered.  Therefore,  recovery  of  starting  material  was  quantitative. 

A  gas  chromatogram  shewed  no  dehydrcfluorination  product. 

Addition  of  Cyelopentadiene  tc  Chlorotriflucroethylene 

A  300  ml.  autoclave  was  charged  with  hydroquinone  (1.0  g.)  and 
freshly  distilled  cyelopentadiene  (41.96  g.,  O.635  mole).  Chlorotrif lu> ro- 
ethylene  (76.5  g.,  0.657  mole)  was  condensed  under  vacuum  into  the  auto¬ 
clave  which  was  heated  at  170"  for  16  hours.  On  opening  the  autoclave^ 
low-bciling  material  (0.4  g.)  distilled  out.  The  residual  liquid  (112.6 
g.)  was  steam  distilled  to  yield  an  organic  distillate  (68.7  g.),  which 
was  dried,  and  a  residual  brown  viscous  liquid  (32.9  g. ) . 

A  sample  (10.8  g.)  of  the  steam  distillate  was  separated  by  gas 
chromatography  (Si  gum,  liQ  )  tc  yield  (1)  low-boiling  components  (not 
collected),  (2)  the  adduct  (4.56  g.).  Therefore,  the  yield  of  adduct  is 
26%  based  on  cyelopentadiene,  r^p  I.43O  -  0.001.  (Analysis  Calcd.  for 
C7H6C1F3:  C»  46*°5;  H»  3*31.  Found:  C,  46.26;  H,  3.28V  The  infrared 
spectrum  showed  medium  C-H  absorption,  weak  C=C  absorption  and  ab¬ 
sorption  attributable  tc  C-F  and  C-Cl.  The  proton  and  i9F  NMR  spectra 
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suggested  a  mixture  of  at  least  four  isomers,  which  were  probably  the 
isomers  cf  the  1,4-  and  1,2-  adducts.  Or.  standing,  the  adduct  darkened. 

Attempted  Addition  of  Octafluorc butene-2  tc  Isopropenylacetylene 

A  300  r*l.  autoclave  was  charged  with  hydroquincne  (0.6  g. ) .  Iso- 
propenylace lyler o  (10.0  g.)  was  vacuum  distilled  into  the  autoclave 
followed  by  e<*  e^luorobuten e-2-  (42. 3  g.).  The  autoclave  was  sealed 
under  vacuum  *vd  rested  at  120°  fcr  16  hours. 

On  openirv  trs  autoclave,  volatile  material  (44.8  g.)  distilled  out 
to  leave  a  res\;\u'  liquid  which  was  greater  tnan  95%  isopropenylacetylene 
with  a  trace  cl  h.'.g,  er  boiling  material.  The  is-, prcpenylacetyler.e  was 
allowed  to  evapjratc  to  leave  a  small  brown  viscous  liquid  residue. 

Total  recovery  starting  material  was  90 %. 

G.  Fly-ore;  ’  t,-  jo  Compounds 

Preparation  -  f  p-iYii'V.orcyinyl  Ethyl  Benzoate 

Benzoyl  per;  i  (60.  ~ , ,  0.25  mole)  was  added  in  5  g.  aliquots  x> 

stirred,  refiuxir ; .  CF^BU  5  ;iBr  (I38  g.,  0.5  mole)  over  a  period  of  3 

hours.  The  re.tctl^n  mixtun  was  extracted,  with  12%  aqueous  sodium  hl- 
carbonated  (4  X  e/\  t~  aqueous  solution  was  acidified  to  yield 

crude  CF^BrC :  GKfH^CGOH.  .r  ;  reaction  was  carried  out  six  times  and  the 

total  yield  of  CF^SrCFClC,*  .  COOH  was  272  g.  (28.  "Jf) . 

A  solut'.cr.  -jL  itharol  31.^  ,  cone.  H,30^  (.10  ml.)  and  the  acid 

(136  g.,  0.425  melt)  war  re.'J.xed  fcr  5.5  hours.  Ethanol  was  distilled 

off  and  water  added  vo  tne  .future.  The  organic  layer  gave  CF^BrCFClC^H^ 

cooc,k5  (113  g.,  ??.»}. 

To  a  refluxing  solution  of  Zr.  (42-5  g-,  t>-65  mole),  ZnCl2  (2  g.) 
and  ethar.cl  (200  ml.},  the  above  ester  (H3  g.,  0.327  mole)  ir.  ethanol 
(50  ml.)  was  added  arepwise  over  the  period  of  ')0  minutes.  The  mixture 
was  refluxed  fcr  1  hour  and  the  solution  was  poured  into  cold  water,  ex¬ 
tracted  with  ether  and  dried.  Fi’acticnal  distillation  gave 
CF  =Crc y-H.  COOC^H .  (34.5  g.,  47.5%)  and  viscous  cil  (24.2  g.}. 

^  O  ^  y  ^  oA  Of) 

CF2=CFC6H4COOC2H5,  b.p.  80'“ '15  are.,  nj  1.4966,  d  1.274.  The  infrared 
spectrum  shewed  CF  =CF -  and  -OOOC^H,  absorption  at  5-964,  and  5.614:  HMR 
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(?0  g.).  b.p.  169  -  l?0°/0.3  tom.,  n20  1.54041. 


data  showed  the  compound  had  a  CF^CF-  group  para  to  the  ester  group 
Redistillation  of  viscous  oil  gav2 
CFg-CF-^  ^.COOEt 

CF0-CF-//  VcOOEt 

2  W 

An  infrared  spectrum  showed  the  absorption  peak  at  11.324  and  the  NMR 

spectrum  was  consistent  with  the  structure. 

Reaction  of  CF_=CFC,H,  C00C_H,  with  SOC1 

- — 2 - —2~y — - — - 

Dimethylfcrtaaiaide  (100  ml.)  was  added  slowly  to  cooled  aluminum 
chloride  (3-5  g.,  0.002  mole).  After  the  suspension  became  cool, 
CF2=CFC6H4C00C2H^  (11.5  g.,  0.054  mole)  was  added  and  H0C1  bubbled  into 
the  mixture  at  0".  After  ca.  2  hours  v.p.c.  of  the  reaction  mixture 
showed  no  starting  ester.  Water  was  added  slowly,  and  the  product  ex¬ 
tracted  with  a  small  amount  of  pentane  and  dried.  The  pentane  solution 
was  eluted  on  alumina  (80  -  200  mesh  acid)  with  pentane.  The  solvent 
was  distilled  off  under  vacuum  tc  leave  a  light  green  oil  (7.3  g- ) 
(Analysis  Calcd.  for  CyfagWgOf  C,  50.23?  H,  3.43.  Found:  C,  49.66; 
H,  3.80%). 

Q 

After  four  weeks  at  0  ,  the  oil  became  a  mixture  of  white  solid  and 

viscous  liquid.  The  white  solid  was  separated  and  recrystallized  from 

pentane,  m.p.  104.5".  (Analysis  Calcd.  for  c22^i8C**68°5: 

Found:  Cl,  6.80%).  Infrared  absorption  at  7-OOw  and  6.3I4  was  con- 

sistent  with  an  oxazetidine  and  N-0  bond,  respectively.  The  "T!  and 
19 

F  Wffi  spectre  were  consistent  with  proposed  structure. 

Preparation  of  CF^-CFCF^COCZt  and  Its  Reaction  with  W0C1 
A  mixture  of  ethanol  (55-2  g.,  1.2  mole),  and  CF2ClCPClCF2C00Na 
(117  g.,  0.4  racle)  was  cooled  to  0°  and  cone.  H.,50^  (51*2  g.)  was  added 
drerwise  with  vigorous  stirring.  The  reaction  mixture  was  stirred  for 
2  hours,  left  overnight  at  room  temperature  and  refluxed  foi  a  further 
2  Hours.  The  solution  was  filtered  and  the  filtrate  neutralized  with 
Ha2C03  solution,  washed  with  water  and  dried.  Fractional  distillation 
gave  CF2C1CFC1CF2C00C2H5  (90  g.,  87%):  b.p.  66°/20  mm.,  r^°  1-3741, 
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(lit.  b.p.  64°/20  mm.,  n^  1.3694). 

To  a  refluxing  suspension  of  ethanol  (300  ml.),  Zn  (-44.5  g-*  0*68 
mole)  and  ZnCl2  (2.0  g.),  the  ester  (88  g.,0.34  mole)  was  added  over  a 
period  of  30  minutes  and  refluxed  another  2  hours.  The  reaction  mixture 
was  filtered,  and  the  filtrate  poured  into  water,  and  the  organic  layer 
separated  and  dried.  Fractional  distillation  gave  CF  =CFCF  COOC  H 
(31.8  g.,  4636):  b.p.  109  ,  I.3-O3,  d^  I.345O.  KR^:  Calcd.:  31-36. 

Found:  31-98. 

CF2=CFCF2CX)0C2H5  (9.0  g.,  0.0k*  mole),  A1C13  (6.0  g..  0.44  mole) 
and  dimethylformamide  (100  ml.)  were  reacted  with  N0C1  a-"  described  be¬ 
fore.  The  yield  calculated  from  v.p.c.  peak  areas  was  CF^CICFNOCF^COOC^H^ 
6.2  g.  (51-7%)  and  CF2C1CFC1CF2CG0C2H_  4.2  g.  (37.5%).  Ar.  analytical 
sample  which  was  separated  by  v.p.c.  had  the  following  properties:  r.o  de¬ 
finite  boiling  point.  Color  became  faint  at  ca.  140°.  (Analysis  Calcd. 
for  C^ClF^NOy  C,  26.75;  H,  1.86.  Found:  C,  26.96;  H,  2-37%). 

Reaction  of  CF^^CFCF^COOCK-  with  X0C1 

CF2=CFCF2C00CH3  (10. C  g.,  0.05  mole)  (supplied  by  the  University  of 
Colorado)  and  AlCl^  (6.7  g.,  0.05  mole)  in  dimetbylfcrmaraide  (100  ml.) 
were  reacted  witn  NOC1  as  described  before.  Yield  calculated  from  v.p.c. 
was  CF.ClCFh'0CFoC00CIL  5-3  g-  (41.6%)  and  CF.C1CFC1CF„ C00CH,  2.8  g.  (21.5%) 

4  <■  J  £  C  } 

An  analytical  sample  which  was  separated  by  v.p.c.  had  the  following 

properties:  r.o  definite  boiling  poir. t .  Color  became  faint  at  about  125“  • 

(Analysis  Calcd.  for  C^H^ClF^NOy  C,  23. 51;  H,  1.18.  Found:  C,  24.64; 

H,  1.98%). 

Preparation  of  CF^CFCOC'C^H,  ar.d  Its  Reaction  with  HOC1 
Cf2ErCFClCH=CH2  (5 6.2  g.,  C.25  moie'  was  added  to  a  solution  of 
KHnO^  (18  g.,  0.75  mole)  arid  water  \600  cu. )  at  60  -  65^  over  a  period 

__  -  r> 

of  2  hours,  one  mixture  was  stirred  for  6  heirs  at  60'  and  cooled  to  O', 

acidified  with  dil.  H.SO,  ,  treated  witn  NaHSO,  solution,  ar.d  extracted 

2  **  i 

with  ether.  Distillation  gave  CF2BrCFClCQOH  (19-0  g.,  3 2.1%):  b.p.  71  - 
72° /4. 5  *a.,  n?°  1.4213,  (lit.  b.p.  /8  -  80c.'5-0  no.,  ri°  1.4180). 

u  U 

A  solution  cf  CF28rCF01C(X)H  (19.6  g.,  0.03  mole),  ethanol  (40  g.) 
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and  cone.  (2  ml.)  was  refluxed  for  5  hours.  CF^rCFClCOOC^H^  (12.5  g.» 

58%)  was  obtained;  b.p.  82  -  y  '45  ra».  (lit.  83  -  4°/60  nan.). 

To  a  refluxing  mixture  of  ether  (100  ml.),  Zn  (12.3  g*»  0*19  acle) 
and  ZnCl  (1.0  g.)t  CFo3rCFClC00C_Hc  (25.I  g.,  0.093  mole)  was  added 
d repulse  over  a  period  cf  5^  minutes.  The  mixture  was  refluxed  for  8  hours, 
filtered  and  the  filtrate  distilled.  During  the  distillation,  some  of 
the  compound  was  polymerized  and  only  a  small  amount  cf  CF  =CF(XX>C,HK 
(2.8  g.,  19.5%)  was  obtained:  b.p.  1C1  -  102“,  I.3656  (lit.  b.p. 

100  -  101°,  nj5  I.36I8.). 

CF2=CFCOOC2K5  (2.8  g. ,0.018  mole),  and  AlCLj  (2.4  g.,  0.018  acle) 
in  dime thyl f o rmamide  (80  ml.)  was  reacted  with  N0C1  as  before.  Yield 
calculated  from  v.p.c.  was  CF2C1CF1K)COOC2H,.  1.0  g.  (25.3 £)  and 
CF2C1CFC1COOC2H5  0.3  g.  (7.4%).  Ar.  analytical  sample  was  separated  by 
v.p.c.  It  had  no  definite  boiling  point  and  the  color  became  faint  at 
about  90°.  (Analysis  Calcd.  for  C^H,C1F^SC^:  C,  27-39;  H,  2-30,  Found: 

C,  27-99;  H,  2.74%). 

Preparation  of  C^H.-0-CF=CC-l„  and  Its  Reaction  with  HOC1 

Phenol  (94  g.,  1.0  mole)  was  dissolved  ii?  acetone  (250  ml.)  and 
potassium  hydroxide  (11.2  g.,  0.2  mole).  CF2=CCl2  (133  2- »  1.0  mole)  was 
added  over  the  period  of  3  hours.  After  addition  of  the  olefin,  the 
mixture  was  distilled  up  to  70 0  tc  remove  acetone,  the  residue  was  cooled 
and  excess  base  added.  The  mixture  was  then  steam  distilled,  and  the 
ether  separated,  washed  and  dried.  Fractional  distillation  gave  a  mix¬ 
ture  cf  C^Hc.-0-CF=CC12  and  C^H^-OCh^CC^H  (154  g.).  The  mixture  was 
treated  with  potassium  hydroxide  and  water  for  20  hours  and  separated  by 
v.p.c.  tc  yield  C^H^0CF=CC12;  b.p.  60  -  6lw/2.1  mm, ,  n^2  1.5147  (lit. 


60  -  61°/2.1 


Slo 

T) 


1.5162.) 


C6H5-0-CF=CCl2  (2.1  g.,  0.01  mole)  and  AlCl^  (0.7  g.,  0.005  mole) 
in  diraethylformamide  (50  ml.)  were  reacted  with  NOCl  as  before.  The  re¬ 
action  mixture  which  was  separated  by  ether  elution  on  a  alumina  column 
gave  suspected  CgH^0CF(N0)CCl^  (1.6  g.).  (Analysis  Calcd.  for 
Cgl^CLjFIKy  C,  35-27;  H,  I.85.  Found:  C,  36.96;  H,  2.27%.) 
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Reaction  of  CH.^CHCILOCF^CFCiH  with  HOC  I 

CH2=CHCH20CF2CFC1E  (17.5  g.,  0.1  mole)  and  AlCl^  (1.4  g.,  0.03.  role) 
in  dimethyl! ormamide  (100  ml.),  were  reacted  with  NQC1  as  before.  After 
one  hour,  the  color  of  the  reaction  mixture  became  red.  The  reaction 
mixture  was  cooled  and  treated  with  water.  The  organic  product,  which 
consisted  of  two  compounds,  did  not  have  the  characteristic  blue  coloration 
of  nitroso  compounds,  sc  further  work  was  abandoned. 

Preparation  of  CF„=CFCH=CHCF^  and  Its  Reaction  with  N0C1 
CF2C1CFC1I  (279  g.«  1.0  mole),  CF^Ctf^ClL,  (28.8  g.,  0.03  mole,  and 
benzoyl  peroxide  (2  g.)  were  allowed  to  react  in  an  autoclave  at  100°  for 
4  hours.  Excess  CF2GiCFCU  was  distilled  eff  and  the  residue  was  frac¬ 
tionated  to  give  CF  C1CFC1CH  CHICF^  (90  g.,  77.5  %),  b.p.  6i°  18  ram.  De- 
hydroic-dinati on  was  effected  by  aqueous  potassium  hydroxide  (100  g.  in 
60  ■!.)  and  CF2C1CFT1CH=CHCF^  (40  g.,  57.4%)  was  obtained.  Dechlorination 
by  zinc  dust  in  ethanol  gave  CF2=CFCH=CHCF^  (15.8  g.,  56%),  b.p.  49" 

CF2=CFC2i=CHCF3  (I3.8  g.,  0.08  mole),  N0C1  (9.8  g.,  0.15  mole),  AlCl^ 
(6.7  g.»  0.05  mole),  ar.d  DKF  (100  mi.)  were  allowed  to  react  at  0C. 

After  2  hours,  the  mixture  was  treated  with  H20  and  a  light  yellow  pro¬ 
duct  (17.3  g«)  was  obtained.  The  main  product  was  a  colori&ss  liquid 
rather  than  a  blue  nitrosc  compound.  A  sample  has  been  subro  t ted  for 
elemental  analysis. 

Preparation  of  CF„=CFCH2CH=CK„  ar.d  Its  Reaction  with  H0C1 
CH2=CHCH2C1  (114  g.,  1.5  mole)  ar.d  benzoyl  peroxide  (24  g. ,0.092  mole) 
were  added  to  a  refluxing  solution  of  CF2BrCFClBr  (1100  g.f  4.0  mole). 
Reaction  was  continued  for  another  7  hours.  Excess  CF2BrCFClBr  was  dis¬ 
tilled  off  and  the  residue  was  washed  with  sodium  carbonate  solution  and 

HO  and  dried.  Distillation  gave  the  adduct  CF„BrCFClCH„ CHBrCH  Ci 
2  2  c  2 

(146  g.,  28.2%),  b.p.  90~!6  ran.  (.lit.  b.p,  9Q"  ).  Dehalogenaticn  of 

the  adduct  was  carried  cut  as  usual  by  zir.c  in  ethane)..  Fractional  dis- 
tilation  gave  the  diene  CF2=CFCH2CH=CH2  (.23  g.»  45.8%),  b.p.  38°  (lit. 
38°/870  ran.). 


Hitrosyl  chloride  (.3 .3 *  g.»  O.O5  mole)  was  added  tc  a  stirred  mix- 


ture-  of  CF2=CFCH2CH=CH^  (6.2  g.,  0.05  mcle),  AlCl^  (6.?  g.,  0.05  mole) 
and  IMF  (100  ml.)  at  0  ,  and  the  reaction  continued  for  3  hours.  The 
color  of  the  solution  changed  from  yellow  to  greenish  brown.  Water  was 
added  slcwly  to  a  reaction  .fixture  and  a  blue  organic  liquid  (2.1  g.) 
was  obtained.  Gas  chrcmtographic  analysis  cf  the  product  showed 
CF2=CFCH2CH=CH2  U.8  g.),  CF2ClCFlN0)CH2CH=CH2  (O.3  g.)  and  a  trace  cf 
high-boiling  material.  CF2C1CF(N0)CH2CH=CH2,  which  was  purified  by 
preparative  gas  chromatography,  had  the  following  properties:  no  de¬ 
finite  boiling  point  at,  normal  pressures,  color  changed  slowly  to  green 
at  ca.  100°,  to  greenish  yellow  at  ca.  110c,  tc  yellowish  brown  at  ca. 
Ii5°»  to  dark  brown  at  ca.  120°.  (Analysis  Calcd.  for  CcH^ClF^SO: 

C,  32.02;  H,  2.66.  Found:  C,  32.22;  H,  2.76%) 

Preparation  of  CF2=CFCH=CH  and  Its  Reaction  with  NOC1 

CF2BrCFClCH=CH2  (I35  g.,  0.5  mole),  which  was  prepared  by  addition 
of  d^Br^FClBr  to  CH2=CH2»  followed  by  dehydrcbrcmination,  was  added  to 
a  stirred  refluxing  suspension  cf  Zn  (60  g.,  0.7  mole),  ZnCl2  (2.0  g.) 
and  in  StOK  (200  ml.)  ever  a  period  cf  2  hours  and  the  reaction  was  con¬ 
tinued  for  another  2  hours.  The  product  which  was  collected  in  a  cold 
trap  (-78°)  was  distilled  to  give  CF2=CFCH=CH2  (48  g.,  89$),  b.p.  8C. 

CF2=CFCH=CH2  (10.8  g.,  0.1  mole)  was  condensed  into  a  stirred 
mixture  of  A1C1-  (13.4  g.,  0.1  mole),  N0C1  (9-8  g.,  0.15  mole)  and  IMF 
(100  mi.)  at  0  .  The  color  of  the  solution  changed  from  orange  to 
greenish  yellow  shortly  after  the  addition  of  the  diene  and  then  changed 
to  orange  again.  After  5  hours,  water  was  added  and  the  organic  layer 
was  separated  and  dried. 

The  crude  light  yellow  product  (13  g.),  which  consisted  of  one 
major  component  (ever  95%),  was  separated  by  preparative  gas  chroma¬ 
tography  to  yield  the  major  product  as  a  colorless  liquid,  b.p.  177  -  178c 
'tmicro),  1.3975-  The  Infrared  absorption  peaks  at  5. 70  and  6. 05  are 
characteristic  of  -CF=CH-,  and  CH2=CH-,  respectively.  When  the  reaction 
was  carried  out  with  CF2~CFCH=CH2  (7.8  g.,  0.07  moie),  NOC1  (5.9  g., 

0.09  mole)  and  DHF  (80  mi.,,  the  color  cf  the  reaction  mixture  was  light 
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green,  which  after  treatment  «ith  water,  yielded  a  blue  liquid  (6.9  g.). 

Though  the  main  product  was  the  same,  a  trace  of  a  blue  compound, 
probably  a  nitroso  compound,  was  obtained. 

H.  Fluoroketane  Studies 

Attempted  Addition  of  Carbinols  to  Chlorotrifluoroethylene  vSee 

Table  XV) 

Ftentafluorcphenyltrifluorovinyldimetnylsilane 

Bentafluorophenylmagnesium  bromide  was  prepared  in  ether  from  10.0 
g.  (0.0405  mole)  pentafluorobromcbenzene .  The  solution  was  filtered  and 
added  to  7.10  g.  (0.04-05  mole)  trifluorovinyldimethylchlorosilane.  The 
mixture  was  refluxed  for  4  hours  and  hydrolyzed.  Upon  distillation  of 
the  dried  ether  layer,  the  product  was  obtained  in  57%  yield. 

(X.1.1.3.3.3-Hexafluoroi5opropoxy)iaethyldichlorosilane  and  (1.I.3.3- 

Tetrafluoro-1 ,3-dichlort tsopropoxy )methyl*iichlororilane 

The  appropriate  ketone  ( hexafluorcacetone  or  1,3-di  chlorotetra- 
flxioroacetcr.e)  w»3  added  to  an  equimolar  quantity  of  raethyldichlorosilane 
in  a  thick  walled  glass  tube  and  sealed  under  vacuum.  The  solution  was 
irradiated  in  sunlight  for  two  weeks.  Distillation  of  the  reaction  mix¬ 
tures  gave  65%  and  64%  of  the  desired  products. 

I.  Preparation  and  Reactions  cf  Some  Silanes  Containing  the 
Trifluorovinyl  Group 

1.  Reaction  of  T  rime  thy  1 1  ri  flu  o  rc  vi  r.yl  Silane  and  Organolithiua 
Reagents 

Methyl-,  n-butyl-  and  pher.yi  li  thium  reagents  uere  prepared  by  direct 
reaction  with  the  bromides  and  lithium  cetal,  3-triflucrometh/lpnenyi-, 
1-napthyl-  and  2-thiophenyllithium  reagents  by  exchange  of  the  bromides 

with  butyllithium,  and  allvl-  and  vinyllithiura  reagents  bv  exchange  c-f 
phenyllithium  with  the  tetrasubstituted  tin  compounds  ^ 

(CH^)^SiCF=CF2  (0.1  mole)  was  added  to  the  lithium  reagent  (0.1 
mole  in  diethyl  ether  solution)  and  stirred  for  about  two  hours.  The 
mixture  was  then  hydrolyzed  with  dilute  acid,  and  the  ether  layer  separated, 
dried  (Drierite)  and  the  product  obtained  by  distillation.  These  com- 
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TABLE  XV 


ATTEMPTED  ADDITION  OF  CAR3IN0LS  TO  CHLOROTHIFUJORETHYLENE 


Carbinol 

salt 

Conditions 

Reaction 

CH^'C  (CF2C1)2-0H  Li 


a.  Reflux  in  diethyl  ether  none 

b.  90°  sealed  tube  in  7HF  none  with 

carbinol 
CTFE-THF 
adduct  fortoed 


CF2;CF-C(CF^)2-0H  Na  a.  Reflux  in  diethyl  ether  none 

b.  90°  sealed  tube  in  THF  rone  with 

carbinol 
CTFE-THF 
adduct  fonaed 

c.  90°  sealed  tube  in 
excess 

CF2:CF-CvCF3)2-0H  none 
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TABLE  XVI 


YIELDS  AND  PROPERTIES  OF  SILANES  PREPARED 


Compound 

Yield 

* 

b.p./m. 

n20 

"d 

d20 

a  Me^SiCF^CFCEj 

20 

86° 

i.3921 

0.917 

b  Me3SiCF=CF^^ 

.72 

72°/2 

1.5062 

1.030 

c  Me3SiCF=CF^^CF3 

50 

103 °/6 

1.4640 

1.181 

d  Me^iCF^Ftyig 

70 

76°/40 

1.4112 

0.887 

e  Me  SiCF^CF 

34 

100°/1 

1.5588 

1.224 

00 

f  Ke3SiCP=CPCH2CH=Ca2 

20 

50°/3j 

1.4180 

0.924 

g  Me0SiCF=CFCH=CH 

3  2 

45° /40 

1.4400 

0.944 

h  Me,SiCF=CF/S 

3  u 

50 

60  C/2 

1.52P1 

1.135 

i  /  ^CF=CHF 

61 

74°/60 

1.5056 

1.155 

j  CF=CHF 

75 

75°/40 

1.4467 

1.353 

k  C,  H  CF=CHF 

4  y 

62 

73° 

1.3680 

0.885 
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ABL£  XVI  (continued) 

•  PROMOTES  OF  SILANES  PREPARED 


CF=CHF 


m  Me3SiCH2CH2CF=CF^ 


?0°/l 


90 °/2 


i.5975 


1.4990 


1.224 


1.C07 


Calcd. 

^  Found 

Calcd. 

^  Found 

Calcd.  ** 

Found 

a.  47.97 

47.86 

8.06 

8.07 

25.30 

25-14 

b.  62.22 

62.51 

6.64 

6.53 

17.90 

17-75 

c.  51*42 

51.31 

4.68 

4.57 

33-89 

33-22 

d.  56.21 

56.39 

9.44 

9.48 

19.76 

19.53 

e.  68.69 

68.43 

6.15 

6.35 

f.  54.32 

54-33 

7.97 

7.81 

21.58 

21.76 

g.  51-74 

52.34 

7.4  5 

7.30 

23.41 

21.26 

h.  49.50 

49.62 

5.54 

5-52 

17.38 

17.17 

i. 

-  known  compound- 

j.  51-94 

51.79 

2.42 

2.50 

45-65 

45.28 

k.  60.00 

59.89 

8.39 

8.21 

31.61 

31.30 

1-  75-77 

75.23 

4.24 

4.10 

19.97 

19.14 

m.  64;93 

65.01 

7.56 

7.67 

15.81 

15.82 
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pounds  were  then  treated  for  about  2  hours  in  alcoholic  potassium  hydroxide. 
Excess  water  was  added  and  the  organic  layer  extracted  with  ether.  The 
ethereal  solution  was  washed  twice,  dried  (Drierite)  and  distilled. 

The  structures,  physical  properties  and  analytical  data  are  given 
in  Table  XVI. 

2.  Other  Syntheses  of  Silanes  Containing  the  Trifluoro vinyl  Group 

Trifluorovinylli thium 

Methyllithium  was  prepared  by  the  reaction  of  methyl  bromide  witn 
freshly  cut  lithium  chips  in  enough  ethyl  ether  to  make  am  approximately 
1  M  solution.  The  solution  was  then  cooled  to  -78°  in  a  Dry  Ice-acetone 
bath  and  a  slight  excess  of  bromo tri fluo roe thy lene  (previously  condensed 
in  a  cold  trap)  was  bubbled  into  the  solution.  The  solution  turned  dark 
blue  after  about  30  minutes.  Stirring  was  continued  for  about  2  hours 
to  allow  completion  of  tire  exchange  reaction  before  the  chlorosilane  was 
added. 

Trifluorovinyltriaethylsilane  ( XIV ) 

Trimethylchlorosilane  (28  -  .  0.26  mole)  was  added  dropwise  to  a 
stirred  solution  of  the  triflu^  ovinylli thium  (0.26  mole)  in  ethyl  ether 
at  -?8° .  The  ;  .'action  mixture  was  allowed  tc  come  to  room  temperature 
slowly.  The  mixture  was  then  hydrolyzed  with  water,  and  the  ethereal 
solution  was  separated  and  dried  over  calcium  chloride.  Distillation 
gave  XTV  (26  g.,  65%),  the  properties  and  analysis  cf  which  are  given  in 
Table  VII. 

Bis( trifluorovinyll diraethvlsilane  ( XV ) 

Trifluorovinylli thium  (1.0  mole)  in  ether  at  -78"  was  added  to 

c 

dichlorodiaethylsilane  (65  g.,  0.5  mcie'  at  -78  .  The  mixture  was  allowed 
to  ccrae  tc  room  temperature.  The  lithium  chloride  was  filtered  and  the 
filtrate  was  distilled.  The  only  product,  in.  addition,  to  recovered  di- 
chlorodimethylsilane,  was  XV  (30.5  g-,  56$). 

Trifluorovinyldimethylethoxysilane  (XVI ) 

Dimethylchloroethoxysilar.e  was  prepared  by  adding  dropwise  1  mole 
of  absolute  ethanol  to  1  mole  of  dimethyidichlorosilane  in  tri amyl amine 
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with  stirring.  Fractional  distillation  gave  a  yield  of  ca.  $0%  of  the 
desired  product  with  snail  amounts  of  the  dichloro  and  diethoxy  compounds 
as  impurities. 

Dimethyl chlorcethoxysi lane  (30  g.t  0.22  mcle)  was  slowly  added  to  a 
stirred  solution  of  triflucrcvinyllithium  (0.22  mole)  at  -78°.  The 
mixture  was  allowed  tc  come  to  room  temperature  slowly.  The  lithium 
chloride  was  filtered,  and  the  remaining  solution  was  distilled. to  give 
XVI  (20  g.,  50*). 

Trifluoroyinyldimethylchlorcsilane  (XVII) 

Trifluorovinyldimethylethoxysilane  (XVI)  (15  g.t  O.O85  mole)  was 
slowly  added  tc  FCl^  (6.1  g.,  0.045  mcle)  at  0°  with  stirring.  Stirring 
was  continued  for  5  hours  and  the  -oluticn  was  distilled,  yielding  XVII 

(8.1  g.,  55%). 

sym-Tetramethylhi 0 ( trifluorcvinyDdisiloxane  (XVIII) 

sym-Tetraraethyldichiorodisiloxane  was  prepared  by  adding  water  in 
dioxane  slowly  tc  a  solution  of  dichiorc dimethyls! lane  in  ether  in  the 
manner  described  by  Patr.cde  and  Wilcox  The  product  (11. 5  g.» 

O.O56  mole)  was  then  added  tc  a  stirred  solution  of  trifluorovinyl- 
lithium  (0.12  mole)  at  -?8~ .  The  mixture  was  allowed  to  ccme  tc  room 
temperature,  water  was  adaed,  and  the  organic  layer  was  separated  and 
dried.  Distillation  yielded  XVIII  (8.3  g-»  50%). 

TriflucrovinyIdimethylsi~ane  'XIX 

Brcmctriflucrcethyler.e  was  bubbled  into  tetrahydr: furan  (THF) 

120  ml.  and  magnesium  (5  g.,  0.2  g-atom).  When  the  reaction  had  started, 
the  mixture  was  coded  in  an  ice-water  bath,  and  dimethyl chic rc silane 
(17  g.,  0.2  mcle)  was  added.  Brcmotriflucrcetnylene  was  added  slowly  un¬ 
til  most  of  the  magnesium  had  disappeared.  A  fraction  with  a  boiling 
range  of  40  -  63  was  distilled  from  the  mixture.  This  fraction  was 
washed  twice  with  cold  water  and  dried  ever  calcium  chloride.  Dis¬ 
tillation  yielded  XIX  (7.0  g.,  2 5%). 

Pentaflucrcphenyltrifluorcvinyldimethylsilane  (XX ) 

Pentaflucrcphenylmagnesium  bromide  was  prepared  in  ether  from  bremc- 
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pen  tafluoro  benzene  (10  g. ,  0.04  mole).  The  mixture  was  filtered  and  the 
solution  was  added  dropwise  to  trifluorcvinyldiaethylchlorosilane  XVII 
(7.1  g.,  0.04  mole)  in  ether.  The  mixture  was  refluxed  4  hours,  then 
hydrolyzed.  The  ether  layer  was  dried  and  distillation  yielded  XX 
(7.2  g.,  57%). 

2.3.3-TrifluoreallyltrimethvlsiIane  (XXI) 

Bromomethyltrimethylsilane  (8.4  g.,  0.05  mole)  was  allowed  to  react 
with  an  excess  of  dispersed  lithium  in  ether  (50  ml.).  Excess  lithium 
was  filtered  off.  The  filtrate  and  tetrafluoroethylene  (6  g.  0.06  mole) 
were  kept  in  a  100  ml.  evacuated  thick-walled  glass  tube  at  0  for  16 
hours  and  at  room  temperature  for  12  hours.  The  volatile  products  were 
condensed  out  under  reduced  pressure  and  distilled  to  give  XXI  (3.6  g., 
42%). 


(3.4.4-Triflucrc-3-buter.yl)trimethylsilar.e  (XXII) 

A  stirred  mixture  of  isopropyl  alcohol  (200  ml.)  and  zinc  dust 
(130  g.,  2  g -a terns )  was  heated  to  reflux.  (l,4-Difcrcmo-3-chloro-3,4,4- 
trifluorobutyl)trimethylsiiane  (188  g.,  C.5I  rocle,  was  added  at  a  rate  to 
maintain  reflux  without  further  heating.  The  mixture  was  refluxed  for 
an  additional  1  hour,  and  or.  ceding  nydrocnlorio  acid(100  ml.  38%)  was 
added  slowly.  Upor.  completion  cf  the  reaction,  the  mixture  was  filtered 
to  remove  the  zinc.  Water  and  ether  were  added  tc  the  two— pnase  system. 
The  ethereal  solution  was  washed  twice  r: re  with  water  and  dried  over 
CaCl,,.  Distillation  yielded  XXII  (68. 5  g.,  75%)-  (Lit.  ^  b.p.  114", 
njp  1.3790. 


(3,4,u-Irifluoro-3-chIoro-4-fcr 
A  solution  of  dimethyl chlorosi 


omcbutyl Ml methyl chlcrosi lane  (XXIII ) 
lane  i 2 5  g.,  O.3?  mole),  3*^»4-trifIuc 


3-chloro-4-brcmo-l-buter.e  (57  g-,  0.26  mole),  and  a  1  M  solution  of 
H2PtCl^  in  isopropyl  alcohol  v 0 . 5  ml.)  was  refluxed  for  24  hours.  Dis¬ 
tillation  cf  the  two  products  gave  dime toy Idi color; si lane  (II  g.)  and 


XXin  (35.8  g.,  44%). 

1.3-Bis'v3.4.4.trifiuorc-3-chlcrc-^-brcmcbutyi  )-I.1.3.3-tetramethyl- 


disiloxar.e  (XXIV) 

(3,3 ,4-Trif iuoro -3-ehli r : -4  -bromcfcutyl) dimethylchlorosiiane  (36  g.. 
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0.11  mole)  and  water  (25  ml.)  were  heated  with  stirring  for  16  hours. 

The  organic  layer  was  separated  and  dried  over  CaClg.  Distillation  yielded 
XXIV  (23  g.,  82%). 

l«3-Bis(3.4.4-trifiuoro-3-buter,yl)-i.I,3.3-tetramethyldisiloxane  (XXV) 
(22  g.,  0.045  mole)  was  slowly  added  to  a  refluxing  mixture  of  zinc 
(10  g.)  in  isopropyl  alcohol.  Water  was  added  and  the  product  was  ex¬ 
tracted  with  ether.  The  ethereal  solution  was  washed  twice  and  dried  ever 
CaCl^ .  Distillation  yielded  XXV  (6.S  g. ,  42%). 

(3.4.4-Trifluorc-3-chloro-4-br:mcbutvl )methyldichlorcsilane  (XXVI) 

A  solution  of  me thy ldi chic rc silane  (23  g-»  0.020  mole),  3,4,4-tri- 
fluoro-3-chloro-4-brooo-l-butene  (40  g. ,  0.18  mc^e),  and  1  M  H2?tCl^ 
solution  in  isopropyl  alcohol  (0.5  ml.)  was  refluxed  for  24  hours.  Dis¬ 
tillation  gave  XXVI  (45  g.»  71%). 

(4. 5. 5-Trifluo  re -4-pen  ter.vl)  dinethvlchlcrcsilane  ( XXVIII ) 
ltl,2-Trifluorc-lf4-pentadiene  (50  g..  C.41  ujo le),  joz.  prepared  by 

( 17 ) 

the  method  cf  Tarrar.t  and  Gilman  *  ' ,  was  sealed  in  a  thick-walled  tube 
with  dimethyl chlorcsilane  (40  g.,  0.42  mole.'  and  1  M  H„PtCig  solution  in 
isopropyl  alcohol  (0-5  ml.).  The  tube  was  heated  at  75'  fer  16  hours. 
Distillation  of  products  yielded  XXVIII  ■ ?5  g.,  8#). 
(4,5«5-Trifluor:-4-penter.yI)tn.Rethylstiar.6  !  XXVTI  '■ 

XXVIII  (34.5  g - ,  0.16  mole)  was  added  slowly  to  CH^HgBr  ca.  0.2  mole 
ir.  ether  (150  ml.»  with  ceding.  The  resulting  mixture  was  hydrolyzed 
with  water,  and  the  ethereal  solution  was  separated  and  dried  ever 
calcium  chloride.  Distillation  yielded  XXVII  (26  g.,  85%). 

1,3-Bis(4. 5. 5-tiifluorc-4-ner.ter.yl)  -1,1.3, 3-tetramethyldisilcxane 
(XXIX) 

XXVIII  (16  g.,  0.074  mole)  was  heated  overnight  with  stirring  in 
20  ml.  cf  water.  The  organic  layer  was  extracted  woth  etner  ar.a  dried 
over  calcium  chlcride.  Distillation.  yielded  XXIX  -v12  e.,  88%). 

(4-Phenyl -3 .4-diriuQrc-3-butenyi)trimethyisilane  (XXX) 

XXII  (9.1  g.,  0.05  mcle)  was  slowly  added  t:  a  solution  containing 

phenyllithium  (0.05  mcle)  in  ether.  The  mixture  was  stirred  for  2  hours 
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and  hydrolyzed,  and  the  organic  layer  was  dried.  Distillation  gave  XXX 
(8.3  g.y  69%). 

Dimerization  of  XXV 

(XIV)  (7.0  g.t  0.045  mole)  was  sealed  in  a  glass  tube  and  heated  to 
200°  for  2  days.  Considerable  decomposition  was  evident  but  distillation 
gave  XXXI  (0.25  g.,  3-8%). 

Thermal  Dimerization  of  XXII 

(XXII)  (25  g.y  0.14  mole)  and  hydrcauinone  (ca.  0.2  g.)  were  heated 
to  210°  for  4?  hours.  Distillation  of  the  reaction  mixture  yielded  the 
dimer  XXXII  (8  g.  33%). 

Reaction  of  XXII  with  1.3-Butadiene 

XXII  (8.2  g.,  0.045  mole)  and  1,3-butadiene  (4.8  g.,  0.09  mcle)  were 
sealed  in  a  thick-walled  tube  and  heated  at  200°  for  24  hours.  Distilla¬ 
tion  of  the  liquid  residue  gave  J.6  g.  (33-6%)  of  a  compound  tentatively 
identified  as  XXXIII. 

(QL  )_SiCH„CH  CF -CF 

■3  3  <=  2,  |  2 

CH2=CHCH-CH2 

XXXIII 

Infrared  analysis  shewed  a  vinyl  group  to  be  present.  Butadiene  is 
known  to  react  with  CF^-CFX  compounds  to  give  products  with  the  CH2  group 
adjacent  to  the  CF2  group. 

Thermal  Dimerization  of  (4, 5, 5-Triflucro-4-pentenyl)dinethylchIoro- 

silane 

XXVIII  (25  g.,  0.12  mcle}  was  heated  in.  sealed  tube  at  200J  for  48 
hours.  Distillation  yielded  XXXIV  (IG  g.  U2$) . 

Reaction  of  XXII  with  KOCI 

Nitresyl  chloride  was  bubbled  into  a  mixture  cf  iimetr.ylfcrmamide 
(EHF)  (160  ml.},  AICI^  (11  g.,  0.082  mole',  and  XXII  (,11  g.,  0.06  mcle; 
until  no  further  reaction  was  cbvirus.  ( The  reaction  was  exothermic.) 

The  solution  was  extracted  with  r.-per.tar.e,  and  the  pentane  layer,  contain¬ 
ing  the  blue  product,  was  passed  through  an  alumina  (acid)  column.  The 
blue  material  was  collected  and  the  pentane  was  evaporated  -under  vacuum. 
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A  deep  blue  product,  tentatively  identified  as  (CH^^SiCH^CHgClNQ/FCni^Cl 
XXXV,  was  obtained. 

.  J.  Reactions  of  Unsaturated  Grignard  and  Lithium  Reagerts 
1.  Reactions  with  Haloolefins 

Reaction  Between  Ethoxyethynyl  Lithium  and  Chlorotrifluoroethylene 

a.  A  methyl  lithium  solution  in  diethyl  ether  (0.975  H;  41.0  cc.) 
was  added  to  a  stirred  solution  of  ethoxyethyne  (2.3  g.  ^  in  anhydrous 
ether  (50  cc.).  A  white  precipitate  cf  ethoxyethynyl  lithium  was  observed. 
Chlorotrifluoroethylene  (6.0  g.)  was  bubbled  into  the  stirred  suspension 
of  ethoxyethynyl  lithium  at  room  temperature.  Mo  evidence  for  any 
reaction  was  observed  and  the  suspension  was  evaporated  to  dryness  (be¬ 
hind  safety  glass  in  a  hood)  and  then  dissolved  in  tetrahydrofuran  (50  cc.). 
Chlorotrifluoroethylene  (6  g.)  was  Kibbled  into  the  solution  at  room 
temperature.  The  solutior  darkened  and  seme  heat  was  evolved.  The 
solution  was  poured  into  dilute  hydrochloric  acid  (200  cc.;  5%)  and  “this 
solution  was  steam  distilled.  He  organic  material,  other  than  tetra¬ 
hydrofuran,  was  collected,  but  black  polymeric  material  (7  g.)  remained 

as  a  residue. 

b.  A  solution  of  ethoxyethynyl  lithium  in  tetrahydrofuran  was  pre¬ 
pared  or.  the  same  scale  as  abo-ve.  Chlorotrifluoroethylene  (6.0  g.)  was 
bubbled  slowly  into  the  solution  ceded  in  a  dry  ice /acetone  bath  at 
-20°.  The  solution  was  then  allowed  to  warm  up  to  room  temperature  over 
a  period  of  2  hours,  after  which  it  was  worked  up  as  described  above. 

It-  was  noted  that  some  of  the  acetyiide  appeared  not  to  have  reacted  as 
there  was  effervescence  when  the  solution  was  added  to  the  dilute  hydro¬ 
chloric  acid  solution.  Analytical  gas  chromatography  indicated  some 
organic  product  had  been  distilled  over  during  the  steam  distillation  , 
and  this  was  purified  by  washing  with  water  tc  remove  tetrahydrofuran. 

This  gave  a  compound  (0.72  g.,  10.5%)  believed  to  be  3 -ethoxy- i-ohloro- 

1 , 2 -di fluo ro pro p-l-ene  (Analysis  Found:  C,  39.2;  H,  4.5*.  C,H„C1F- 

o  14  '  ^ 

requires  C,  38.4;  H,  4.47.)  b.p.  158  ;  n_  1.4080.  Polymeric  residue 

D 

(4.5  g*)  was  found  in  the  steam  distillation  pet. 
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Reaction  Between  Lithixm  Acetyl ide  and  Chlorotrifluoroethylene 
A  precipitate  of  lithium  acetyiide,  prepared  by  passing  acetylene 
into  a  solution  of  butyllithium  (15  g.)t  was  dissolved  in  tetrahydrofuran 
and  reacted  vrith  chlorotrifiucroethylene  (ca.  40  g.)  at  0°  in  the  manner 
described  above.  A  small  quantity  of  monomeric  material  (ca.  5  g.)  was 
isolated  and  preliminary  spectroscopic  evidence  indicated  that  it  was 
probably  4-chloro -3 ,3-difluorobut-3-en-l-yne  (CH=C-CF=CFC1) .  The  major 

product  was  a  polymeric  gum. 

Reaction  Between  Acetylene  Orignards  and  Flueroclefins 
The  mono-  and  di-Grignard  reagents  of  acetylene  were  prepared  as  in 
the  literature  (1)  Chlorotrii'lur.roethylene  (excess)  was  bubbled 

into  a  solution  of  the  mono-Grignard  in  THF  (0.29  mcle,  250  ml.)  at  room 
temperature.  The  mixture  was  hydrolyzed  with  water  after  standing  for 
15  hours.  The  organic  layer  was  shown  by  gas  chromatography  to  contain 
only  the  solvent.  (2)  1,1-Dichlorodifluoroethylene  (34  g. ,  0.245  mcle) 
was  added  at  0°  to  the  mono-Grigr.ird  in  THF  (0.2  mcle,  250  ml.).  The 
solution  was  stirred  at  room  temperature  fer  a  further  4  hours.  Hydrolysis 
and  distillation  gave  a  small  amount  of  a  compound  whose  infrared  spectrum 
gave  no  indication  of  a  triple  bond.  There  was  insufficient  material 
for  further  identification.  (3)  1,1-Dichlorodifluoroethylene  (28  g., 

0.21  mole)  was  added  to  a  solution  of  the  di-Grignard  in  diethyl  ether 
(0.2  mole,  170  ml.)  at  0°.  The  mixture  was  stirred  at  room  temperature 
for  a  further  15  hours  and  then  hydrolyzed.  The  ethereal  layer  was  dis¬ 
tilled  to  give  a  thick  black  residue. 

Reaction  Between  3-Bromcprcpyr.yi  Lithium  and  Chlorctrifiuorcethyler.e 
A  precipitate  cf  3-brcmcpropynyl  lithium  was  formed  by  the  addition 
of  butyllithium  in  hexane  (3.2  g.  in  21.4  g.  cf  3 elution)  tc  propargyl 
bromide  (5.9  g.)  in  hexane  (IOC  cc. at  -10°.  Rest  cf  the  hexane  was 
drawn  off  and  the  precipitate  was  dissolved  in  tetranydrefuran.  The 
solution  was  cooled  to  -4 0"  ar.d  chlorotrifluoroethylene  (6  g.)  was 
bubbled  in  and  the  mixture  worked  up  as  described  for  ethcxyethyr.yl  lithium 
however,  only  polymeric  material  was  obtained.  The  lithium  salt  was  found 
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towfttima  sgK3ra*«£se!C^ 


fl  Lithium  ana  Chlorctri- 


to  be  explosive  when  dry. 

Reaction  Between  3.3.3-Trifluoroprcpynyl  Lithi'um  ana  Chlorctri- 

fluoroethyiene 

Butyl lithium  (0.1  mcle,  60  cc . )  in  hexane  was  added  tc  a  solution 
of  3,3,3-trifluorcprcpyne  in  hexane  at  -78°.  A  white  precipitate  was 
formed.  Chloroti*ifluorceth;ler.e  ( c-a.  20  g.)  was  added  and  the  solution 
was  permitted  tc  war®  up  tc  room  temperature  af*er  standing  for  3^  minutes 
at  -78°.  Dilute  hydrochloric  acid  was  added  and  the  mixture  was  then 
transferred  to  a  large  flask  for  steam  distillation.  Tire  was  consider¬ 
able  polymeric  material  left  as  a  residue  but  no  monomeric  material  was 
isolated.  It  should  be  r.cted  that  a  small  amount  of  material  which  was 
cn  the  side  of  the  original  reaction  flask,  after  washing  with  dilute 
hydrochloric  acid,  caused  a  very  violent. explosion. 

Reaction  Between  3.3.3-Trifluorepropynyl  Lithium  and  1.1-Dichlcro- 


2 ,2-di fluoroethyiene 

The  above  lithium  reagent  (0.05  mole)  was  prepared  in  ether  (200  ml.) 
and  the  cxefin  (0.0$  mole)  added  ir.  e„her  i)0  ml.)  at  -78  .  The  solution 
was  allowed  tc  warm  tc  room  temperature .  The  only  product  was  a  brown 
insoluble  solid. 

Reaction  Between  Triflucrovinyl  lithium  and  Flue rc olefins 

Broraotrifluc rcethylene  (34  g.  0.2  mcle)  was  added  to  a  stirred 
solution  of  butyilithium  (0  18  mole)  or.  hexane  (solution  weight,  76. C  g.) 
at  -78C.  1 , 1,2-Tri fluorcbuta*  1  ; 3-diene  (.ca.  21  g. ,  C.19  mole)  was  added 

and  the  reaction  mixture  allowed  to  warm  uf  L-C  r c  uiw  temperature  slowly. 

The  mixture  was  treated  with  dilute  hydrochloric  acid.  Inspection  cf  the 
organic  layer  by  analytical  gas  chromate graphy  shewed  that  no  product  , 
oth  r  than  butyl  bromide  produced  in  the  first  stage  cf  the  reaction,  was 
present. 

Twc  reactions  were  carried  cut  cn  the  same  scale  and  under  similar 
reaction  conditions  with  chlorctrifluorcethyler.e  and  brcmctrifluorc- 
ethylene  in  place  cf  the  diene  in  the  above  experiment.  In  each  case, 
no  product  was  obtained. 
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Attempted  Reactions  Between  Pen tafluoro phenyl  Lithium  and  Fluor polef ins 
Pent afluoro phenyl  lithium  was  prepared  from  pen taflucrcbrcmc benzene 
(5.  g.)  by  direct  metallation  as  described  by  Coe,  Stephens  and  Tat  low 

In  separate  experiments,  chlorotrifluoroethylene  end  tetrafluoroethylene 
was  added  in  excess  to  a  solution  of  pen tafluoro phenyl  lithium  in  a 
Carius  tube  cooled  in  liquid  nitrogen.  The  tube  was  sealed  and  allowed 
to  warn  to  about  0°,  at  which  point  it  was  unsealed  and  the  contents 
hydrolyzed  with  dilute  hydrochloric  acid.  Inspection  cf  the  ether  layer 
indicated  the  presence  cf  pentafluo re benzene  as  the  only  significant 
product  in  both  cases. 

Reaction  Between  Pentafluo rophenylmagnesium  Bromide  and  Chlorc- 
tnfluo  roe  thyler.e 

a.  In  tetrahydrofuran.  Brc me pentafluo rc benzene  (5.0  g.)  was  added 
to  a  stirred  mixture  of  magnesium  (0.6  g.)  ir.  tetrahydrofuran  (15  cc.). 

The  reaction  was  initiated  with  iodine  and  refluxed  for  2  hours.  The 
solution  was  filtered  through  glass  wool  into  a  Carius  tube  cooled  to 
-78°.  Chlorotrifluoroethylene  (2.7  g.)  was  added  and  the  tube  sealed. 

The  tv.be  was  allowed  to  warm  up  to  room  temperature  and  shaken  fc”  16 
hours.  The  tube  was  unsealed  and  the  contents  poured  into  a  stirred  sol¬ 
ution  of  sulphuric  acid  (2N,  25  cc.).  Diethyl  ether  (50  cc.)  was  added 
and  the  ethereal  layer  separated.  Analytical  gas  chromate graphy  (D.N.P. 
and  Si  gum  packings)  indicated  only  ether  ar.a  tetrahydrofuran.  No  penta- 
fluorobenzene  was  present.  Evaporation  of  the  solvents  gave  a  mobile 
gum. 

The  infrared  spectrum  cf  the  gun  had  no  C-K  b:nd  absorption  but  had 
absorptions  at  1500  -  1540  cm"  consistent  with  ar.  aromatic  nucleus  and 
between  1000  -  1300  cm"1  consistent  with  0,-F  bonds. 

b.  Ir.  etner.  The  abc-.e  experiment  re  pea  tec  m  a  similar  manner 

except  that  diethyl  ether  was  useu  as  solvent.  r  r.  hydro  lysis,  per.ta  flue  re¬ 
benzene  was  formed,  r.c  ether  prcduct  being  present. 

Preparation  cf  1 ,2-Bis  (per,  taf  lucre  pher.yl  )tetrariucrocyclo-l-butene 
a.  With  pentafluo re pnenyllithi urn.  Per. taf  1  uo rophenylli thium  (from 
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C^FjJBr  (5  g.)  in  ether  solution  (ca.  50  cc.)  was  added  to  a  solution  of 
hexafluorocyclobutene  (4.0  g.)  at  -50°.  Reaction  was  immediately  apparent. 
The  solution  was  warmed  to  reflux  point,  cooled  and  worked  up  by  usual 
procedures.  Analytical  gas  chromatography  of  ohe  product  on  a  silicon 
gum  packing  showed  one  product  of  long  retention  time  and  no  trace  of 
C^F^H,  indicating  that  all  pentafluorcphenyllithium  has  been  used  in  the 
reaction.  Evaporation  of  the  solvent  followed  by  sublimation  gave  a  white 
waxy  solid  (1.5  g.).  There  was  considerable  polymeric  residue.  Recry¬ 
stallization  (pet.  ether  30  -  60c)  of  the  sublimed  material  gave  1,2-bis- 
( pentaf luo ro phenyl )-tetrafluoro cy clo -1-butene .  m.p.  106  -  7°  (Analysis 
Found:  C,  41. ?4;  H,  none;  F,  58.33.  requires  C,  41.92;  H,  0.00; 

F,  58-0836). 

Infrared  absorptions  at  1655  cm-1  and  at  15.25  and  1500  cm-1  are 
consistent  with  the  olefinic  and  aromatic,  respectively. 

The  nuclear  magnetic  resonance  spectra  were  entirely  consistent  with 
the  proposed  structure. 

si urn  bromide.  V.p.c.  analysis  showed 
that  with  diethyl  ether  as  solvent  slight  reaction  occurred;  however,  the 
main  compound  present  was  pentafiuorobenzene  from  the  hydrolysis  of  the 
unreacted  Grignard.  The  ratio  of  1,2 -di( pen tafluorc phenyl ) tetraflucrc- 
cyclobutene  and  pentafiuorobenzene  was  1:5.  Total  reaction  occurred 
with  THF  as  solvent  as  nc  pentafiuorobenzene  was  present  after  hydrolysis; 
however,  on  evaporation  of  the  solvent  a  black  gum  was  formed .  Both 
reaction  mixtures  were  combined  and  sublimed  at  100°  to  give  a  white 
crystalline  material  (1.0  g.)  1 ,2-di  ( per.  tafluorc  phenyl )  tetraf  luorocyclo- 


butene. 


lesium  Chloride  and  l.l-Dichlorcdifluoroethylene 


1,1-DichlorodifluoroethyIene  (. 0 . 0 5  mole,  7.0  g.)  was  added  to  a 
stirred  solution  of  vinyimagnesium  chloride  in  tetrahydrofuran  (0.05  mole, 
15.5  <*1.)  at  0°  and  stirring  continued  for  one  hcur.  The  solution  hydro¬ 
lyzed  (2N,  H2S0^,  25  ml.)  and  the  organic  layer  shown  by  analytical  gas 
chromatography  to  contain  only  tetrahydrofuran  arid  the -original  olefin. 
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Vlnylllthium  and  1.1-Dichlorodlfluoroethylene 
1,1-M.chlorodifluoroethylene  (0.05  mole,  7.0  g.)  was  added  to  a 
stirred  solution  of  vinyllithium  (0.05  mole  in  85  ml.  of  diethyl  ether). 
After  two  hours  at  room  temperature,  the  mixture  was  hydrolyzed  (HgSO^, 


2#,  50  ml.)*  The  ethereal  layer  was  shown  by  analytical  gas  chromato¬ 
graphy  to  contain  solvent  and  some  ur. reacted  olefin.  Evaporation  of  the 
solvent  gave  a  tar  (5.0  g.). 

Allylnagnesium  Bromide  and  Flue roclef ins 

a.  Reaction  with  Chlorotrifluoroethylene*  Brcmotri flue roe thylene. 
Hexafluoropropene .  1.1,2-Triflucpobutadiene.  and  unsym-Di- 
chlo  rodi f luo roe thylene 

Allylnagnesium  bromide  in  diethyl  ether  (150  ml.,  0.25  mole)  was 
placed  in  a  three-necked  flask  with  a  stirrer  and  an  acetone-dry  ice 
condenser.  The  fluoroclefin  (0.25  mole)  was  added  to  the  cooled  solution 
(-78°)  over  0  •5  hours  and  then  allowed  to  warm  to  room  temperature; 
stirring  was  continued  for  a  further  hour.  The  solution  was  hydrolyzed 
with  sulfuric  acid  (100  ml.  of  ca.  6N)  and  the  ether  layer  was  separated, 
dried  (Drier! te),  and  distilled  to  obtain  a  new  flue rodi olefin.  The 
distillates  were  checked  for  purity  by  analytical  vapor  phase  chromato¬ 


graphy  using  a  silicone  elastomer  column  at  1G0'-'. 

b.  Reaction  with  Hexafluorscyclobuter.e 

A  reaction  similar  to  the  above  gave  19  g-  of  the  recovered  butene 
(0.124  mole)  and  15  g.  of  a  brittle,  black  residue  (36.89%  fluorine)  which 
was  recovered  from  the  reactic/;  mixture  by  steam  distillation. 

/■•o' 

c.  Reaction  with  1.1.2-Trifluoro-4- bromo-1 -butene 

livn  at  half  scale  (0.125  mole),  the  reaction  was  stirred  for  70  hours 
at  room  temperature.  A  similar  reaction  in  tetrahydrofuran  vras  refluxed 


for  5  hours  before  hydrolysis. 

d.  Reaction  with  Tetrafluc roethvlene  and  Tri flue roe thylene  and  the 
Reaction  of  Ally Imagr.esi urn  Chloride  with  Tetrafluoroethylene 
The  olefin  (0.125  mole)  was  vacuum  condensed  into  a  Fischer-Pc-rter 
compatibility  tube  containing  the  Grigr.ard  reagent  in  diethyl  ether  (75 
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ml.,  0.125  mole).  The  tube  was  sealed  and  shaken  under  the  following 
conditions  (temperature,  time):  (1)  CF^CF^  +  CH^^HCH^KgBr,  room  tem¬ 
perature,  17  hour.*.;  (2)  CF2=CFH  +  C^CHCR^MgBr,  room  temperature,  3 
hours,  100°,  2  nours;  (3)  CF2=CF2  +  CH2=CHCH2HgCl,  room  temperature, 
65  hours. 

The  solutions  were  coded  and  any  unreacted  gas  condensed  and  id¬ 
entified  by  vapor  phase  chromatography.  In  the  second  reaction,  9-0  g. 
of  trifluoroethylene  (0.11  mole)  was  recovered.  The  solutions  were  then 
.  hydrolyzed  with  sulfuric  acid  (50  ml.  of  ca.  6N)  and  the  ether  layers 
were  worked  up  as  previously  indicated. 

Brominaticn  of  3.4-Difluoro-1.3.6-heptatriene 

The  olefin  (1.0  g.)  was  dissolved  in  carbon  tetrachloride  (5  ml.) 
and  treated  slowly  with  bromine  until  a  slight  excess  was  present.  After 
washing  with  dilute  sodium  hydroxide  and  water,  drying  and  evaporating 
the  solvent,  the  product  was  identified  as  1, 2,6,7- tetrabromo-3, 4-di- 
fluorc-3-hepter.e .  Absorption  peaks  in  the  infrared  spectrum  at  5-77  and 
5.90|i  were  associated  with  the  cis  and  trans  -CF=CF-  group. 

(Analysis  Calcd.  for  C^HgBr^:  C,  18.66;  H,  1.78;  Br,  71.13;  F, 
8.45.  Found:  C,  18.73;  H,  1.75;  Br,  71.47;  F,  8.73$). 

Benzylmagnesium  Bromide  and  Fluorrclefins 

(1)  Benzylmagnesi oai  bromide  in  diethyl  ether  (200  ml.  0.25  mole)  was 
treated  with  chlorctrifluoroethylene  (29.1  g.»  0.25  mole)  at  room  tem¬ 
perature  for  36  ht.  rs.  Chlorctrifluoroethylene  (19.8  g.,  0.17  mole)  was 
recovered.  After  hydrolysis  (100  ml.  of  6N  I^SO^),  vapor  phase  chromato¬ 
graphic  analysis  ?  .wed  the  only  product  to  be  toluene. 

(2)  Benzylmagnesium  bromide  in  diethyl  ether  (125  ml.,  0.125  mole) 
was  allowed  tc  react  with  hexaf lucre cyclobutene  (2C.2  g. ,  0.125  mole). 
After  stirring  for  3  hours  at  room  temperature,  the  solution  was  refluxed 
for  5  hours  and  worked  up  as  indicated  above. 

Crotonylmagnesium  Bromide  and  Chlorctrifluoroethylene 

Crotonylmagnesium  bromide  ir.  diethyl  ether  (200  ml.,  0.25  mole)  was 
refluxed  with  chlorctrifluoroethylene  (29.1  g.,  9.25  mole)  for  36  hours. 
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The  solution  was  processed  as  described  above. 

Anhydrous  Magnesium  Bromide  and  FluorooLefins 

Anhydrous  magnesium  bromide  (7.5  g.)»  prepared  by  heating  an  equi- 
molecular  amount  of  MgBr2.6Hp0  and  ammonium  bromide,  was  placed  in  a  Carius 
tube  with  diethyl  ether  (50  ml.).  Tetrafluoroethylene  (12  g.)  was  vacuum 
transferred  and  the  tube  sealed.  No  reaction  occurred  after  shaking  at 
70°  for  72  hours.  A  similar  exp^.^nent  using  i, 1 ,2-trif Iucro-1, 4-pen ta- 
diene  (6.1  g.)  and  magnesium  bromide  (9.2  g.)  was  also  unsuccessful. 

The  Reaction  of  Allylmagnesium  Bromide  witn  Pairs  cf  Flucrcclefins 
The  two  olefins  (0.15  mole)  were  vacuum  condensed  into  a  Fiseher- 
POrter  compatibility  tube  containing  allylmagnesium  bromide  (40  ml  £ 

C.15  mole),  sealed  and  shaken  at  room  temperature  for  between  16  and  20 
hours . 

The  solution  was  cooled  and  any  unreacted  olefins  condensed  out 
and  identified  by  v.p.c.  The  ether  layer  was  separated  and  after  hydrolysis 
with  sulfuric  acid  (100  ml.  of  oN)  ar.d  dried  (Drier! te)  and  fractionated. 

The  products  were  analyzed  by  v.p.c.  and  identified  by  their  infrared 
spectrum.  The  results  are  shown  ir.  Table  XII.  The  pressure  reactions 

were  earned  out  on  the  sample  scale  using  an  autoclave:  nitrogen  was 

.  2 

introduced  such  that  a  pressure  of  45C  lb.  'ir.  was  brained. 

Solubility  cf  the  Fluorcoiefir.s  in  Ether 

The  pairs  of  flucrodlefir.s  (9.15  mole  each'1  were  vacuum  condensed 
into  a  Fischer- Pc rter  tube  containing  ether  (.35  ml.),  sealed  and  shaker. 
at  room  temperature  for  2  hours.  Tne  tube  was  turned  upside  down  and 
some  of  the  liquid  condensed  into  a  cold  f rap.  This  was  analyzed  by 
v.p.c.  and  'he  results  shown  in  Table  XI. 

2.  Preparation  cf  Is opr: penyi  lithium 
Reocticn  of  Trifluorcpropene,  Butyl  lithium  ar.d  Aoetcr.e 
Trifiuorcproper.e  (10  g.,  0 .104  mole)  ir.  die  Joy  1  ether  (120  ml.)  was 
cooled  to  -90“  under  dry  nitrogen.  Butyllithium  ir.  per.tar.e  (60  ml.) 
ether  (60  ml.),  preceded  to  -76°,  was  added  over  10  minutes  while  the 

£  -f* 

temperature  was  maintained  at  -95  -  2"  for  an  additional  one  hour. 
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chlorotetrafluoroacetone  (dropwise)  under  a  dry  ice  condenser.  After  all 
the  acetone  had  been  added,  the  mixture  was  allowed  to  warm  to  room  tem¬ 
perature  and  then  hydrolyzed  with  dilute  hydrochloric  acid.  The  ether® 1 
solution  was  separated,  dried  (MgSO^ )  and  fractionally  distilled.  In 
each  case  an  azeotrope  of  the  appropriate  ether  and  the  oarbinol  was  ob¬ 
tained.  Final  purification  was  achieved  by  preparative  gas  chromatography, 
with  the  carbinols  from  sym-dichlorctetrafluoroacetone  separation  on  a 
silicone  gum  packing  and  with  those  derived  from  hexafluoroacetone  on  a 
dinonylphtalate  packing.  Table  XVIII  gives  the  reactants  and  results. 

b.  Reaction  Between  4-Broao-l.i«2-tr±flucro-l-buter.e.  Magnesium, 
and  Trimethylchlorosilane 

(1)  4-Broroo-l,l,?-trifluorcbut-l-one  (11.9  g- )  was  added  dropwise 
to  a  suspension  of  magnesium  (3.O  g.)  xn  diethyl  ether  (100  cc.)  at  room 
temperature.  After  the  reaction  appeared  to  have  been  initiated,  chloro- 
trimethylsilane  (5  g.)  was  added.  Eventually  a  gummy  material  formed 
around  the  remaining  magnesium  and  reaction  ceased.  Fresh  magnesium  was 
added  but  no  further  reaction  was  apparent.  The  ether  solution  was  in¬ 
spected  by  analytical  gas  chromatography  which  indicated  the  formation 
of  two  products,  neither  having  the  retention  time  cf  the  desired  tri- 
mcthyl-3,4,4-trifluorc-but-3*enylsilane  which  was  apparently  not  formed. 

The  supernatant  ether  solution  was  poured  off  and  the  gummy  residue 
washed  with  ether,  the  ether  was  poured  off  and  combined  with  the  original 
solution.  The  ether  solution  was  fractionally  distilled  to  remove  excess 
ether.  The  residue  was  separated  by  preparative  gas  chromatography  (Si 
gum:  Chroraoscrb)  to  give  l,l,2,7,8,8-Hexaflucroccta-l:?-diene  (2.6  g., 
38.2%)  b.p.  132°,  nj9  1.3615  (Analysis  Found:  C,  44.24;  H,  3.82.  CgHgF^ 
requires  C,  44.03;  H,  3.67$)*  Infrared  and  19F  HKR  spectra  were  consistent 
with  the  proposed  structure. 

(2)  The  above  experiment  was  repeated  on  1/5  scale  using  tetrahydro- 
furar.  as  solvent  for  the  reaction.  Analytical  gas  chromatography  indicated 
that  the  same  two  preducls  were  formed.  Also,  a  third  product  ir.  low  yield, 
having  the  same  retention  time  as  trimethyl -3 »4,4-triflucrobut-3-enyl- 
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silane,  was  observed.  In  the  third  experiment  on  the  same  scale  as  the 
above,  in  the  absence  of  chlorctrimethylsilar.e .  analytical  gas  chromato¬ 
graphy  indicated  the  formation  of  the  two  products  observed  in  the  first 

experiment. 

c.  Attempted  Preparation  of  Perfluoroallyl  Lithium 

Reaction  of  Perfluoroallyl  Bromide  with  Methyllithium 

Methyllithiua  (10  ml.,  0.91  mole  in  ether)  was  cooled  in  a  dry  ice- 

acetone  bath,  ether  (10  ml.)  added,  and  then  PFAB  (2.2?  g.,  0.010?  mole) 
was  added  dropwise  over  7  minutes  with  stirring.  A  dark  solution  was 
formed  immediately.  After  stirring  at  -78°  for  45  minutes,  C^-CCl^ 

(1.3  g.»  0.01  mole)  was  added  and  stirred  for  15  minutes,  then  at  room 
temperature  for  1  hour.  Some  Icw-bciling  material  distilled  from  the  con¬ 
denser  into  a  cooled  trap.  V.p.c.  shewed  CF^-CCl^,  PFAB,  ether  and  an  un¬ 
known,  but  no  product  with  a  b.p.  greater  than  ether.  The  unknown  pro¬ 
duct  was  isolated  by  v.p.c.  (D.N.P.  column,  24°)  and  was  assumed  t.o  be 
CRjCF2CF=CF2,  b.p.  24  -  6°.  There  was  insufficient  sample  for  positive 
identification . 

Reaction  of  Perfluoroallylicdide  with  Fhenylii thium 

Phenyllithium  (0.02  mole  in  ether!',  prepared  from  bromober.zene  and 
lithium  dispersion  in  the  normal  manner,  was  coded  in  an  ice  bath  and 
PFAI  (4.81  g.,  0.0186  mole)  was  added  iropwise  tc  give  a  vigorous  reaction. 
After  the  addition  of  ether  (10  ml.'  and  stirring  tc  reem  temperature 
over  1.5  hours,  the  mixture  was  hydrolyzed  witn  dilute  acid,  the  ethereal 
solution  was  washed  with  water,  and  the  organic  material  dried  ever 
Brie rite.  Distillation  gave  a  residue  0-9  g.)  which  v.p.c.  shewed  to 
contain  ether,  PFAI,  benzene,  brcmcber.zene  ar.d  cr.e  higher  belling  com¬ 
ponent.  Separation  cn  a  Silicon  Elastomer  (3.E.)  prep,  column  at  120° 

c  ’Q  s 

gave  0.5  g.  pure  material,  b.p.  180  -  lv  (micro),  r.^  "  i-5735*  whose 

infrared  agreed  with  that  of  iodcber.zer.e. 

d.  Preparation  of  2. 2-Dif  lucre  vinyl  Lithium  ar.d  Reactions  of 
Various  Carbonyl  Compounds  ar.d  Triethylc'nlcrcsilane 

A  solution  of  butyilithium  (0.07?  mole)  in  tne  appropriate  solvent 
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(40  ml.)  was  cooled  to  -78°  and  then  addeidrcfwise  in  four  aliquots  to  a 
cooled,  (»?8  to  -105°),  solution  of  2,2-difluorovinyl  bromide  (0.077  mole) 
in  ether  (40  to  100  ml.).  After  the  addition  of  each  of  the  above  aliquots, 
dropwise  addition  of  one  quarter  of  a  solution  of  the  appropriate  carbonyl 
compound  or  silane  (0.077  mole)  in  ether  (4-0  ml.)  was  executed.  The 
solution  was  stirred  while  allowing  to  warm  up  to  room  temperature.  With 
the  carbonyl  compound,  the  solution  generally  became  colored  around  room 
temperature  (yellow  -  red). 

In  the  cases  cf  triethylchlcrcsilane  and  acetyl  chloride,  a  white 
solid  which  was  precipitated,  (probably  Li Cl),  was  filtered  off  and  the 
solutions  dried  over  CaSC^.  In  reactions  involving  carbonyl  compounds, 
however,  any  lithium  salts  formed  were  hydrolyzed  by  addition  cf  water 
(20  ml.)  followed  by  6N  hydrochloric  acid  (20  ml.).  Usually  a  white  solid 
was  formed  which  redissclved  on  stirring.  The  organic  layers  were  separated 
and  dried  ever  MgSO^  or  CaSO^.  Further  work-up  procedures  are  described 
below. 

(1)  Benz3ldehyde 

Solvents  and  butyl  bromide  (30 #)  were  removed  from  the  dried  organic 
layer  by  distillation.  V.p.c.  cf  the  residue  indicated  the  presence  of 
benzaldehyde  and  three  other  high-bciling  products.  Benzaldenyde  was 
removed  by  dissolving  the  residue  in  a  little  ether  and  shaking  with  a 
saturated  solution  cf  sodium  bisulphite  (3  A  17  ml.).  Attempts  to  sep¬ 
arate  by  gas-liquid  preparative  chromatography  were  unsuccessful.  The 
experiment  was  repeated  several  times  under  varying  conditions  cf  tem¬ 
perature  and  rates  of  addition  cf  the  reactants  but  in  no  case  did  one 
product  predominate  nor  vas  any  separation  possible.  Maximum  yield  of 
butyl  bromide  was  J0f>. 

(2)  Acetone 

Attempted  product  separation  by  distillation  resulted  in  obvious 
product  decomposition  as  the  residue  darkened  considerably  and  a  small 
of  hydrogen  fluoride  was  observed  along  with  some  glass  etching.  The 
residual  mixture  was  shaken  with  10#  aqueous  sodium  bicarbonate  (3  X  JO  ml.) 
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and  the  aqueous  layer  acidified  and  extracted  with  ether.  The  latter  was 
removed  by  distillation  after  drying  (MgSO^).  The  residue  was  an  off- 
white  -olid  «hich,  on  vacuum  sublimation,  gave  white  needles  m.p.  66  -  68“ . 

0  -Dime  thy  lac  rylic  acid  has  m.p.  69°  Yield  ?  -  10$  (2  exp.). 

The  original  organic  residue  was  distilled,  affording  only  butyl  bromide 

(16$). 

(3)  Cyclohexanone 

V.p.c.  cf  the  yellow  organic  solution  indicated  the  presence  of  two 
products  A  and  B  with  an  A:B  peak  area  ratio  of  6:1.  The  retention  times 
of  A  and  B  were  inconsistent  with  the  theory  that  A  was  due  tc  the  desired 
alcohol  and  B  to  the  n-butyl  adduct  of  cyclohexanone.  About  half  of  the 
solvents  were  removed  by  distillation.  The  residual  solution  had  turned 
purple  in  color.  The  remaining  solvents  and  butyl  bromide  were  removed 
by  vacuum  distillation  and  the  purple  residue  allowed  to  stand  at  room 
temperature  for  a  few  minutes.  Heat  was  generated  in  the  flask  and  hy¬ 
drogen  fluoride  was  evolved.  GLC  of  the  residue  showed  that  the  A:B  peak 

area  ratio  was  1:1  at  that  stage,  thus  indicating  the  decomposition  of 
the  product  giving  peak  A. 

The  residue  was  dissolved  in  a  little  ether  (10  ml.)  and  shaken  with 
saturated  sodium  bicarbonate  solution  (3  X  3O  ml.).  The  latter  was 
separated  and  acidified.  The  precipitated  solid  was  removed  by  filtra¬ 
tion  and  recystallized  (hexane)  to  give  white  needles  m.p.  90°,  thus 
indicating  that  the  product  was  cyclohexylidine  acetic  acid  (lit.  ^ 

90  -  91°).  The  acid  was  obtained  in  25$  yield. 

Fractionation  of  the  original  distillate  afforded  butyl  bromide  in 
34$  yield. 

(4)  Acetyl  Chloride 

Solvents  were  removed  by  distillation,  and  the  residual  products  se¬ 
parated  by  GLPC.  This  afforded  ethyl  acetate  (9$),  and  butyl  bromide 
(13$).  The  two  products  were  identified  by  comparison  r.f  their  infrared 
spectra  and  v.p.c.  retention  times  with  these  cf  authentic  samples. 
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(5)  Triethylchlorosilane 

V.p.c.  of  the  solution  indicated  the  presence  of  outyl  bromide,  a 
considerable  amount  of  unreacted  triethylchlorosilane  and  a  small  amount 
of  a  product  (C)  of  intermediate  retention  time.  The  solvents  were  re¬ 
moved  by  distillation  under  vacuum.  Ccnsideraole  darkening  cf  the  re¬ 
sidual  solution  indicated  that  product  (C)  was  decomposing  even  at  room 
temperature  and  this  was  confirmed  since  the  peak  due  to  C  had  disappeared 
on  the  v.p.c.  trace.  The  distillate  was  fractionated,  giving  butyl  bromide 
(24$),  and  fractionation  of  the  residue  afforded  only  unreacted  triethyl- 
chlorcsilane  (47^6) . 

e.  Preparation  cf  2.2-Difluorovinylmagnesium  Bromide  and  Its 
Reaction  with  Trimethylchlorcsilane 

(1)  2-Brcmo-l,l-difluorcmethylene  (42  g.)  was  bubbled  slowly  into 
a  well-stirred  suspension  of  magnesium  (10  g.)  in  anhydrous  tetrahydro- 
furan  (250  cc.).  After  initiation  cf  the  reaction  the  flask  was  coded 
in  an  acetone/dry  ice  bath  at  -25" -  The  temperature  cf  the  bath  was 
kept  between  -20  and  -25"  throughout  the  experiment.  The  mixture  was 
stirred  at  -20"  for  30  minutes  after  all  the  ethylene  had  been  added. 
Trimethylchlorcsilane  (12  g.)  in  tetrahydrcfurar.  (50  ml.)  was  quickly  added 
to  the  cooled  solution,  and  after  addition  the  solution  was  allowed  to 
warm  up  to  room  temperature.  Water  (20  cc.)  was  added  and  the  mixture 
fractionally  distilled.  In  the  fraction  foiling  between  30°  and  66°, 
three  main  components  were  observed  consistent  with  2-bromc-i,l-difluorc- 
ethylene,  a  product  and  tetranydrcfuran.  The  fraction  was  washed  with 
water  tw5.ce  tc  remove  the  tetrahydr.  furan  ar.d  then  separated  by  pre¬ 
parative  scale  gas  chromatography  tc  give: 

(  i)  2 -Brcmo-i,-difijorc ethylene  (not  collected) 

(ii)  Trimethyl-(2,2-diflucrcvinyi)silane  (.2-3  g.,  5.0$)  (Analysis 
Found:  C,  44.22;  H,  7.56.  C^K^^F^Si  requires:  C,  44.1;  H, 

7.36$)  b.p.  58. 5C,  r.J9  1.3664.  Infrared  and  19F  NMR  spectra 
were  consistent  with  this  structure. 

(2)  The  above  experiment  was  repeated  in  a  similar  fashion  except 
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that  triroethylchlorcsilane  was  added  before  the  addition  of  2-brcmo-l,l- 
difluoroethyiene .  The  quantities  used  were  as  before  and  the  reaction 
gave  trine thy 1-2 ,2-dif luorovinylsilane  (7.8  g.,  17. 5$). 

f  ••  Attempted  Preparation  of  1-Flucrovinylmagnesium  Bromide 
(1)  1-Bromo-l-fluoroethylene  (5  g.)  waslbubbled  into  a  well-stirred 
suspension  of  magnesium  (4.5  g.)  in  tetrahydrcfurar.  (150  cc.),  activated 
by  a  few  drops  of  ethylene  dibromide.  No  r  sac  tier,  could  be  induced  at 
this  stage.  A  further  10  g.  cf  1-bromc-l-fluorcethylene  was  bubbled  into 
the  solution  which  was  simultaneously  heated  to  reflux.  No  reaction 
occurred. 


(2)  A  similar  reaction  using  methyl  bromide  (1  g.)  tc  initiate  the 
reaction  failed  tc  cause  any  reaction  between  magnesium  and  1-brcmc-l- 
fluoroethylene . 

g.  Attempted  Preparation  of  1-Fluc  re  vinyl  Lithium  via  an  Exchange 
Reaction  Involving  Butyllithium  and  1-Flucrcvir.ylbromide. 

Reaction  of  the  above  Lithium  Reagent  with  Bthylmethyl  Ketone 
and  Triethylchlorcsilane 

(1)  Preparation  cf  1. 2 -Dibromo-l-f lucre ethane 

Vinyl  fluoride  was  bubbled  into  bromine  (100  g.,  0.625  mole)  at  a 
rate  sufficient  to  ensure  complete  clefir.  consumption.  During  this  pro¬ 
cess  the  reaction  flask  was  irradiated  with  lignt  and  the  contents  stirred. 
When  all  the  bromine  had  reacted,  the  solution  became  light  yellow  in. 
color.  The  product  was  distilled  c.p.  121  -  122"  (lit.  122.3  )• 

Weight  =  115  g.  (88 %  yield). 

(2)  Reaction  of  Id-Dibrcmo-l-flucroetha’-.e  vitn  Alkali 

The  above  di bromide  (103  g>*  0-5  mole)  wa?  added  drepwise  to  potassium 
hydroxide  pellets  (100  g.,  1.8  mole).  No  reaction  was  observed  until  the 
flask  was  heated  (vigorous  stirring )  to  60'.  Heating  was  continued  at 
60  -  80°  until  nc  more  gaseous  product  was  evolved  (3  hears;.  The 
volatile  products  were  condensed  in  a  dry  ice-acetone  ceded  trap  which 
necessarily  contained  an  inhibitor  (•C-pir.ere)  tc  prevent  polymerization. 
Phosphorus  pentexide  was  added  tc  the  contents  cf  the  trap  and  an  attempt 
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was  made  to  distill  the  product.  This  was  achieved  only  with  difficulty 
since  there  was  presumably  some  moneflucrcacetylene  present  which  de¬ 
composed  with  accompanying  minor  explosions,  flashes  and  carbon  deposition. 
Consequently,  the  yield  of  1-flucrcvinyi  bromide  b.p.  6-8°  (lit. 

6.8°)  from  successive  runs  varied  considerably.  Attempts  to  repeat  this 
experiment  using  mineral  oil  (150  ml.)  as  a  solvent  gave  similar  results. 

1-Flucrcvinyl  bromide  was  r.ct  isolated  when  1 ,2-dibrcmo-l-fIuoroethane 
was  treated  with  potassium  hydroxide  in  refluxing  ethanol  for  6  hours. 

h.  Preparation  of  1-Fluorcvinyllithium  and  Reaction  with  Ethyl 
Methyl  Ketone 

A  cooled  (-?8C)  solution  of  butyliithium  (0.075  mole)  in  hexane  was 
acded  drcpwise  in  four  aliquots  to  a  solution  of  1-flucrovinylbromide 
(0.75  mole)  in  ether  (100  ml.)  which  was  also  maintained  at  -78°.  Fol¬ 
lowing  the  addition  of  each  of  the  above  aliquots,  one  quarter  of  a  sol¬ 
ution  of  ethyl  methyl  ketone  (0.075  mole)  in  ether  (30  ml.)  was  added 
drcpwise.  On  addition  of  the  first  aliquot  of  the  keV.r.e  solution,  a 
milky  white  suspension  was  formed.  This  disappeared  following  the  addition 
when  the  temperature  had  reached  -3  ' -  At  room  temperature,  water  (20  ml.) 
and  hydrochloric  acid  (20  ml.,  6N)  were  added.  A  small  amount  of  white 
precipitate  formed  and  redissclved.  Tne  organic  layer  was  separated, 
dried  (CaSO^),  and  the  solvents  removed  by  distillation.  Further  dis¬ 
tillation  afforded  butyl  bromide,  (2h%)  ar.d  five  ether  products  which 
were  inseparable  either  by  distillation  cf  OLPC. 

The  reaction  was  repeated  adding  the  butyliithium  ar.d  ketone  solutions 
at  -30  -  -25"  with  similar  results.; 

i.  Reaction  of  1-Fluo rc vir.yliithimn  with  Triethylchlcrosilar.e 

1-Flucrcvir.yilithium  (0.075  mole,*  was  prepared  as  described  in  the 

previous  experiment,  except  that  a  solution  cf  butyllithiom  in  a  mixed  - 
solvent  (pentane  50  ml.  -  ether  50  ml .J  was  employed.  In  this  case,  all 
the  butyliithium  solution  was  added  before  any  cf  the  tnethylchioro- 
silane.  After  the  addition  of  all  cf  the  organometallic  reagent,  a  white 
cloudiness  developed.  The  mixture  was  allowed  to  stand  for  30  minutes 
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and  a  solution  of  triethylchlorosilane  (0.075  mole)  in  ether  (50  ml.)  was 
then  added  dropwise.  The  white  cloudiness  persisted.  The  solution  was 
parraitted  to  warm  up  to  room  temperature  overnight  during  which  time  a 
white  water  soluble,  precipitate  formed.  The  latter  was  removed  by 
filtration,  the  filtrate  dried  over  CaSO^  and  the  organic  solvents  were 
removed  by  distillation.  GLC  of  the  green  colored  residue  indicated  the 
presence  of  butyl  bromide,  an  unknown  product,  and  unreacted  triethyl¬ 
chlorosilane.  Water  was  added  tc  hydrolyze  the  latter  product  to  render 
GLPC  separation  of  the  desired  product  easier.  A  sample  of  the  unknown 
compound  was  isolated  by  this  means  and  was  shown  to  be  triethyl  ethynyl 
silane,  ( CH^CH^ ) ^SifeCH .  The  infrared  and  NMR  spectra  were  consistent 
with  this  structure.  (Analysis  Calcd.  for  (CH^CK^^SifeK:  C,  68.52;  H, 
11.42.  Found:  C,  68.80;  H,  11.61*)  r*3  1.4325,  lit.  ^ll2)  r^°  I.43O2. 
Product  yields  from  GLC;  -butyl  bromide  (3 6%);  triethylethynylsilane  (30%). 

Preparation  and  Reactions  cf  Trifluorc-iscpropenyl  Lithium 

3*  Preparation  of  Trifluorc-iscpropenyl  Bromide 

Potassium  hydroxide  pellets  (100  g.)  were  placed  in  a  3-necked  flask 
fitted  with  a  dropping  funnel,  stirrer,  ana  distillation  apparatus. 
Trifluorodibrorao propane  (100  g.,  O.39  mcle)  was  dropped  onto  the  stirred 
potassium  hydroxide  which  was  colled  ir.  an,  ice-bath.  When  all  the  di¬ 
bromide  was  added,  the  ice-oath,  was  replaced  by  a  water  oath  ar.d  the  tem¬ 
perature  increased  until  the  product  began  tc  distill  out  of  the  reaction 
vessel.  Occasional  immersion  cf  the  flask  ir.  the  ice-bath  was  required 
to  control  the  rate  of  reaction. 

Wt.  of  product,  CF.CBr^CH^,  was  63  g.,  G.38  mcle  (99%) 

b.p.  33°  (Lit.  (83"'  b.p.  33' ) 

k.  Attempted  Metallatior.  ■' f  Trifluprc-iscprcpenyl  Bromide  Followed 
by  Carbona  tior. 

Trifluoro-isopropenyl  bromide  (-.3  g.,  C.G25  mole)  ard  dry  diethyl 
ether  (10  mi.)  were  placed  in  a  3 -necked  flask,  fitted  with  a  dropping 
funnel ,  gas-lead  and  drying  tube,  and  cooled  tc  -?8 '  under  an  atmosphere 
of  dry  nitrogen.  Butyllithium  (0.025  mcle)  in  mixed  solvent  (ether  (10  ml.) 


/hexane  (15*5  ml.)?  was  3dded  over  30  minutes  to  the  bromc-clefin  solution 
at  -78°.  The  mixture  was  allowed  to  stand  for  5-  minutes  at  -78°,  then 
warmed  to  -60°,  when  dry  carbon  dioxide  was  t  abled  into  the  reaction  which 
was  allowed  to  warm  to  room  temperature  with  the  continuous  passage  of 
carbon  dioxide.  The  reaction  mixture  was  treated  with  hydrochloric  acid 
(1:1)  (20  ml.),  the  solution  was  nude  alkaline  with  dil.  sodium  hydroxide 
solution,  and  the  layers  separated.  The  organic  layer  was  further  ex¬ 
tracted  with  sodium  hydroxide  sc.uticn.  The  aqueous  extracts  were  com¬ 
bined,  acidified  with  hydrochloric  acid  and  extracted  with  ether.  These 
etner  extracts  were  dried  (CaSO^)  and  the  solvent  removed  by  distillation, 
leaving  a  viscous  oil  (0.1  g.)  as  residue,  which  was  not  the  desired 
carboxylic  acid. 

The  original  organic  solution  from  the  reaction  contained  an  in¬ 
soluble  white  solid  (1.00  g.),  which  was  shown  to  be  lithium  fluoride  to¬ 
gether  with  organic  polymeric  material. 

1.  Attempted  Metallation  of  Triflucrc-isopropenyl  Bromide  Followed 
by  Reaction  with  Benzalaehyde 

Butyl  lithium  (0.025  mole)  in  mixed  solvent  (ether  (20  ml.)/hexane 
(I7.3  ml.)) was  cooled  to  -?8C  under  an  atmosphere  of  dry  nitrogen.  Tri- 
flucroisopropenyl  bromide  (5  g- ,  0.0285  mole)  in  diethyl  ether  (10  ml.) 
was  added  dropwise  with  stirring.  The  reaction  temperature  was  maintained 
at  -78°  for  30  minutes  and  then  ber.zaldehyde  (3-1  g.»  C.025  mcle)  in 
diethyl  ether  (10  mi.)  was  addec. ,  The  temperature  was  allowed  to  warm 
slowly  to  that  of  the  room  and  hydrochloric  acid  (1:1)  (20  ml.)  was  added. 
A  white  insoluble  solid  in  the  aqueous  layer  was  filtered  (0.45  g*)  and 
the  aqueous  layer  extracted  with  ether.  The  combined  ethereal  solutions 
were  dried  (CaSO,  )  and  the  solvent  remcveu  by  distillation.  V.p.c. 
analysis  shewed  that  butyl  bromide  had  beer,  produced  together  with  a 
small  amount  (*“■* 5 $)  cf  high-bciiing  compound.  Unreacted  ber.zaldehyde  was 
also  present.  The  high-bciling  product  was  separated  by  preparative  scale 
v.p.c.  and  infrared  spectroscopy  suggested  that  it  was  not  a  carbine  1  but 
probably  a  flucroclefin  containing  a  butyl  &rcup,  e.g.,  CF0=CBr-CH0-C^H^. 
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The  insoluble  solid  was  shown  tc  be  LiF,  produced  in  60  -  65#  yield. 

m.  Reaction  of  Trifluoro-lsopropenyllithium  with  Benzaldehyde 
Trifluoro-isopropenyl  bromide  (10  g.,  0.057  mole)  in  dry  diethyl 

ether  (50  ml.)  was  cooled  to  -95°  under  dry  nitrogen.  Butyllithium  (0.057 
mole)  in  mixed  solvent  (hexane  (34.6  ml.)/ether  (50  ml.)),  precooled  to 
-78°,  and  benzaldehyde  (6.2  g.,  0.057  mcle)  in  ether  (15  ml.)  were  added 
alternatively  in  four  aliquots . each,  the  benzaldehyde  solution  being 
added  immediately  after  the  butyllithium  solution.  After  the  final  addition 
the  temperature  was  maintained  between  -90°  and  -95°  for  2  hours  and  then 
allowed  to  warm  very  slowly  to  room  temperature.  Water  (15  ml.)  was  added, 
causing  a  dense  white  precipitate  to  form,  followed  by  aqueous  hydrochloric 
acid  (1:1)  (15  ml.)  which  redissolved  the  solid  to  give  a  pale  green 
solution.  The  organic  layer  was  separated,  dried,  and  most  of  the  solvent 
removed  by  distillation.  V.p.c.  showed  the  presence  of  butyl  bromide, 
together  with  an  approximately  equimolar  amount  of  high-boiling  product 
as  well  as  a  small  quantity  of  much  higher  boiling  material.  No  benzal¬ 
dehyde  was  present  in  the  reaction  product .  Fractionation,  at  atmospheric 

pressure,  gave:  butyl  bromide  (2.6  g.,  0.0190  mole,  33#  yield),  and  at 
reduced  pressure,  (a)  ec-( t.rifluorc.-isoprrpenyl)  benzyl  alcohol,  b.p. 

122°/21  mm,  Hg,  nl2 ' J  1.4746  (3-7  g.,  32#  yield).  (Analysis  Found:  C, 

59.65;  H,  4.6;  F,  77.96. 

The  infrared 

and, 

(b)  ** -butyl  benzyl  alcohol,  b.p.  95/1  mm.  Hg.,  (1.2  g.,  13#)  (Analysis 
Found:  C,  80.44;  H,  8.?.  C^K.^O  requires  C,  80.5;  H,  9*7#) 

n .  Reaction  of  Tri fluorc-isoprcper.yi  Lithium  with  Acetone 
Trifluoro-isopropenyl  bromide  (15  g.,  <>. O85  mole)  in  diethyl-ether 

(30  ml.)  was  cooled  tc  -90°  under  dry  nitrogen.  Butyllithium  (O.O85  mole) 
in  mixed  solvent,  (hexane  (51.9  ml.) /ether  (50  ml.))  and  acetone  (5  g., 

0.085  mole  in  ether  (10  ml.)  were  added  atemativoly,  drcpwise,  with 
3tirring,  in  five  aliquots  each.  The  temperature  was  maintained  at  -90° 

—  -80°  for  a  further  one  and  one-half  hours  and  then  allowed  to  warm 


22 . 5 
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C,  !LF  O  requires  C,  59-4;  H,  4.45;  F,  28.2#.) 

!  ']_  Q  ^  ^  i 

91  and  "  F  NMK  spectra  were  consistent  with  this  structure. 


170  - 


slowly  to  that  of  the  room.  Water  (10  ml.),  followed  by  hydrochloric  acid 
(1:1)  (20  ml.)  were-  added.  The  organic  layer  was  separated  and  the  aqueous 
layer  extracted  with  ether.  The  combined  organic  solutions  were  dried 
(CaSO,  )  and  analyzed  by  v.p.c.  Butyl  bromide  and  an  approximately  equi> 

*4- 

valent  amount  of  product  were  present,  together  with  a  very  small 

quantity  (^ 2$)  of  a  high-boiling  compound.  Fractional  distillation 

gave:  butyl  bromide,  5*  5*»  (43$)*  and  dimethyl(trifluorc-isopropenyl) 

carbinol,  b.p.  116  -  117',  nQ  1.3773.  (Analysis  Found:  C,  46.92;  H, 

6.00;  F,  36.83.  ULF  O  requires  C,  46.7;  H,  5.85*.  F,  37.0$.)  The  in- 
]  19  0  “  J 

frared  R  ar.d  F  NMR  spectra  were  consistent  with  the  structure. 
Dehydration  cf  Dimethyl(Triflucrc-iscpropenyl)  Carbinol 
Dimethyl(triflucrc-isoprcpenvi)  carb'r.ol  (1.3  t.,  0.00845  mole)  was 
dropped  onto  excess  phosphorus  r^ntcxide  at  0°,  in  a  distillation  appar¬ 
atus.  The  mixture  was  heated  slowly  to  120°  during  which  time  a  colorless 
liquid  distilled  cut  cf  the  reaction  flask.  V.p.c.  showed  this  product 
to  be  97$  pure.  Redistiilaticn  from  phosphorus  pentoxide  gave  pure  2- 
trifluororaetnyl -3-methyl-butadiene,  b.p.  64  -  65°,  (O.56  g.,  49$). 

(Analysis  Found:  C,  52.88;  H,  5.02;  F,  41 .82.  C^H^F^  requires  C,  53.0; 

H,  5-15»  41.9$.)  The  infrared,  XH  and  1  F  NMR  spectra  were  consistent 

with  this  structure.  A  sample  was  sealed  in  a  tube  and  after  several 
days  at  room  temperature  gave  a  solid  elastomeric  material. 

o.  Reaction  cf  Trifluorc-isoprcpenyl  Lithium  With  Acetaldehyde 
Trifluoro-xsoprcpenyl  bromide  (10  g.,  O.O57  mole)  in  diethyl  ether 
(50  ml.)  was  cooled  to  -100°  under  dry  nitrogen,  Butyllithium  (0.057 
mole)  in  mixed  solvent  (hexane  (34.6  ml.) /ether  (50  ml.)X  preceded  to 
-73c  and  acetaldehyde  (2.5  g.,  0.057  mole)  in  ether  (20  ml.)  were  added 
alternatively  with  stirring  in  four  aliquot  portions  each.  The  tern- 

^  C  *♦*  C 

perature  was  maintained  at  -i00  -  2  for  a  further  30  minutes  and  then 
allowed  to  warm  to  -78',  where  it  was  maintained  for  4  hours  before 
allowing  it  to  rise  to  that  of  the  room.  Water  (20  ml.)  followed  by 
hydrochloric  acia(l:l)  (40  ml.)  were  added  ana  the  organic  layer  se¬ 
parated  and  dried  (CaSO.  ),  The  solvent  was  renr  red  by  distillation  and 

*4 


v.p.c.  analysis  showed  the  presence  of  butyl  brcmide  together  with  an 
approximate  equivalent  amount  of  product.  The  product  was  isolated  by 
prop,  scale  v.p.c.  (D.N.P.  100°)  and  shown  to  be  2-trifluorometnyl-but- 
l-en-3-ol,  b.p«  110  -  111°,  1.3646,  (3-5  g*»  44%  yield).  (Analysis 

Found:  C,  42.57;  H,  4.93;  F,  40.54.  C^H?F^0  requires  C.  42.8;  H,  5.0; 

F,  40.?5%).  The  infrared,  and  ^F  NMR  spectra  were  consistent  with 
this  structure. 

Dehydration  of  l-Trifluoromethyl-but-I-er.-3-cl 

2-Trifluoromethyi-but-l-er.-3-ol  (1.1  g.,  0.00846  mcle)  was  dropped 

Q 

onto  phosphorus  pentcxide  cooled  tc  0  in  a  distillation  apparatus.  The 
temperature  was  increased  slcwiy  tc  110c,  causing  a  colorless  liquid 
product  to  distill  from  the  reaction  flask. 

Redistillaticn  gave  2-triflucremethylbutadiene,  b.p.  34  -  35°.  (lit. 
b.p.  35  -  35*5°) •  (0*8  g.,  84%  yield).  The  infrared,  and  KMR 

spectra  were  consistent  with  this  structure. 

p.  Reaction  of  Triflucrc-iscpropenyi  Lithium  and  Ethyl  Kethyl  Ketone 

Tri flue ro -i soproper.y  1  bromide  (10  g.,  C.C57  mcle)  ir.  diethyl  ether 
(100  ml.)  was  cooled  tc  -90  unaer  dry  nitrogen.  Butyllithium  (0.057  mole) 
in  hexane  (34.6  ml.) /ether  (60  ml.),  preceded  to  -78“,  and  ethyl  methyl 
ketone  (4.16  g.,  0.057  mole)  in  ether  (50  ml.',  added  alternatively  in 
four  aliquots  each  while  maintaining  the  temperature  at  -90°.  The  mix¬ 
ture  was  allowed  tc  warm  tc  -76“  and  was  maintained  here  for  3  hours  be¬ 
fore  warming  to  room  temperature.  The  reaction  mixture  became  c range 
colored  but  clear.  Water  (25  ml.)  was  added  to  give  a  white  precipitate 
which  dissolved  on  stirring.  Hydro  chloric  acid  (1:1)  (20  ml.)  was  added 
and  the  layer  separated.  The  aque.us  layer  was  extracted  with  ether,  the 
ethereal  solutions  combined,  dried  ( CaSG '. ,  and  the  solvent  removed  by 
distillation .  Analytical  v.p.c.  snowed  the  presence  of  butyl  bromide  a  d 
one  higher  ceiling  product.  Fract:  r.al  dustiliat3.cn.  yielded,  butyl  bromide, 
6.9  g.,  (88.5%)  and  ethyl  methyl  (tid.flucro-isoprcper.yl)  carbir.oi,  b.p. 

130  -  131“,  4.1  g.,  (42%).  (Analysis  requires  C,  50. C;  H,  6.55; 

F»  33*9%.  Found:  C,  50.16;  H,  6. 70;  F,  33*86%.,.  The  infrared,  "‘‘H  and 
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F  NMR  spectra  were  consistent  with  this  structure. 
Dehydration  of  Ethyl  Methyl  (trifluorc -isoproper 


rl)  Carbinol 


Ethyl  methyl(tnfluorc-iscprcpenyl)  carbinol  (1.0  g.,  0.006  mcle) 
was  dropped  onto  phosphorus  pentcxide  at  0°.  The  mixture  was  heated 
slowly  to  130°,  causing  a  liquid  to  distill  between  70  -  90°. 

This  product  was  shown  by  infrared,  Hi  and  NMR  spectroscopy 
to  be  a  3:2  isomeric  mixture  of  butadienes. 


CH-C — -C=CH 

i  \  \  2 

ch3  ch3  cf3 


CH  =C - C*CH 

2  I  \  2 

c2h5  cf3 


Yield  of  product  0.7  g. 
(78*) 


(Analysis  C^K^F  requires  C,  56.0;  H,  6.0;  F,  38. 0*  Found:  C,  55. 74; 
H,  5-7;  F,  38.23*). 


Reaction  of  Trifluorc -isoi 


any]  Lithium  and  Acetophenone 


Trifluoro-isopropenyl  bromide  (10  g.,  0.057  mole)  in  diethyl  ether 
(I50  ml.)  was  cooled  to  -110°  -  3°  under  dry  nitrogen.  Butyllithium 
(0.057  mole)  in  pentane  (35  ml.) /ether  (40  ml.),  precooled  to  -78°,  was 
added  over  5  minutes.  After  a  further  10  minutes,  during  which  the 
reaction  temperature  was  allowed  tc  attain  -100°,  acetophenone  (6.84  g., 
0.057  mole)  in  ether  (20  ml.)  was  added  and  the  temperature  allowed 
to  rise  slowly  to  that  cf  the  room.  Aqueous  hydrochloric  acid  (1:1) 

(40  ml.)  was  added,  the  layers  separated,  the  aqueous  layer  extracted 
with  ether,  the  ethereal  solutions  combined,  dried  (CaSO^),  and  the 
solvent  removed  by  distillation.  Analytical  v.p.c.  showed  some  unreacted 
acetophenone  together  with  a  major  and  a  minor  product  of  greater  re¬ 
tention  times. 

The  mixture  was  separated  by  prep,  scale  v.p.c.  (Carbcwax,  200c)  to 

give:  Butyl  bromide,  6.0  g.  (77*),  acetophenone  0.9  g.  (13*)  and  the 

major  product,  phenylmethyl(triflucrc-isoprcpenyl)  carbinol  b.p.  210  - 

211°,  6.2  g.  (51*).  (Analysis  requires  C,  61.2;  H,  5.1;  F, 

26.4*.  Found:  C,  61.06;  H,  5*1»  F,  26.63*).  The  infrared,  and 
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F  NMR  spectra  were  consistent  with  this  structure. 


! 


The  minor  product  ( <5$  yield)  gave  an  infrared  spectrum  which 
suggested  it  might  be  butyl  phenylmo thyl  carbincl. 

Dehydration  of  PhenylmethyK  trif  lucre -iscprcpenyl)  Carbincl 
Pherylmethyl(triflucrc-iscprcpenyl)  carbincl  (1.2  g.,  C.OO556  mole) 

f\ 

was  heated  with  phosphorus  pentoxide  in  vacuum  (0.5  mm.  Hg)  to  160^  fer 
30  minutes.  The  product  was  distilled  from  the  system.  This  process  was 
repeated  three  times  tc  give  2-tri  flue  remethyl -3-pher.yi -butadiene,  b.p. 
approx.  190°  (decomp.),  0.9  g.  (82$).  (Analysis  requires  C,  66.7; 

H,  4.55;  F,  28.8.  found:  C,  66.58;  H,  4.70;  F,  29.05$). 

r.  Reaction  of  Trif lucre -isoproper.yl  Lithium  with  Triflucroacetone 
Trifluoro-isoprcpienyl  bromide  (20  g.,  0.114  mcle)  ir..  diethyl  ether 
(150  ml.)  was  cooled  to  -115'  -  3  under  dry  nitrogen.  3utyJ.lithium 
(0.114  mole)  in  pentane  (70  ml.)  preceded  to  -78°  was  added  ever  10 
minutes  while  maintaining  the  temperature  at  -115°  -  3' .  After  allowing 
the  reaction  to  attain  -105  during  15  minutes,  triflucroacetone  (12.8  g., 
0.114  mole)  in  ether  (30  ml.)  was  added,  and  the  mixture  allowed  to  warm 
slowly  to  room  temperature.  Hydro  cnicric  acid  (i:D  (**0  ml.)  was  added, 
the  ethereal  layer  separated,  dried,  and  the  solvent  i>  -cved  by  dis¬ 
tillation.  Analytical  v.p.c.  shewed  two  products  as  well  as  butyl  bromide. 
Fractionation,  followed  by  prep,  scale  v.p.c.,  tc  give  pure  samples, 
yielded  a.  butyl  bromide  6.2  g.,  (*+;$)•  8.  l,l,l,5*5,5-^exaflucrc-2- 

raethyl-pentan-4-on-2-cl,  2.6  g.  (16-3$'  (Analysis  requires 

C,  32.18;  H,  2.66;  F,  50-60.  found:  C,  32.38;  H,  2.80;  F,  50.63$). 
c.  butylmethyitrifiucrom  .hyl  carbir.tl,  b.p.  135  -  6' ,  2.6  g.,  (10$) 
(Analysis  CLH^OF^  requires  C,  49 .u;  H,  7.6;;  F,  33-**  Found:  C,  49. B; 

K,  7.65;  F,  38.20$  ).  d.  crude  pyrar.  derivative  ;3.I  g.),  which  on 

recrystallizaticr,  from  pentane  gave  m.p.  9u  -  95'.  The  infrared,  ~H  and 
19 

F  NMR  spectra  were  consistent  with  „.ie  abeve  structures. 

Preparation  of  1,1-Difl^  rcallene 

Triflucrc-isoprcper.yl  bromide  (10  g.,  O.O57  mcle)  in  diethyl  ether 
(30  ml.)  was  cooled  tc  -9°'  unaer  dry  nitrogen.  Butyliithium  (0.057  mde) 
in  mixed  solvent  (hexane  (30.6  ml.) .'ether  «u.O  ml . )'■  was  added  drcpvise  with 
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stirring  and  the  temperature  maintained  at  -90  -  2C  for  a  further  30 
minutes,  before  allowing  .he  reaction  to  warm  to  room  temperature.  The 
over-gases  were  condensed  in  an  acetone/dry  ice  trap.  The  reaction  mix¬ 
ture  became  dark-colcred  at  approximately  -30°  and  precipitation  of  a 
solid  material  increased  as  the  temperature  rose. 

At  room  temperature,  water  (40  ml.)  was  added  and  the  mixture 
filtered  to  give  the  solid  (1.4  g.)  which  was  shown  to  be  lithium 
fluoride  (~95$)  together  with  some  polymeric  organic  material. 

The"organic  layer  was  separated  and  the  aqueous  layer  extracted  with 
ether.  The  ethereal  solutions  were  combined  and  dried  (CaSO^).  V.p.c. 
showed  only  the  presence  of  ether,  hexane  and  butyl  bromide.  Fractional 
distillation  gave  butyl  bromide  (5.8  g.,  74$) . 

The  condensed  over-gases  were  distilled  at  low  temperatures  to  give 
difluoroallene,  b.p.  -20'  -  -21°.  (lit.  -20°),  (3.1  g.,  72$). 

The  infrared  spectrum  of  this  compound  was  identical  to  that  of  an 
authentic  sample  of  difluoroallene. 

A  small  amount  cf  difluoroallene  was  sealed  in  a  tube  and  allowed 
to  stand  at  room  temperature  for  several  days  to  give  a  viscous  polymeric 
semi-solid  material. 

s.  Readier,  cf  Triflucro-iscprcpenyl  Lithium  with  Carbon  Dioxide 

Trifluoro-iscpropenyl  bromide  (10  g.,  O.O^7  mole)  in  diethyl  ether 
(150  ml.)  was  coded  to  -HO1"  -  3^  under  dry  nitrogen.  Butyllithium 
(0.05?  mole)  in  pentane  (35  ml.) /ether  (40  ml.),  precooled  to  -78°,  was 
added  over  5  minutes  while  maintaining  the  temperature  at  -llO'"  -  30. 

The  reaction  mixture  was  allowed  to  warm  to  -100°  over  15  minutes  and 
dry  carbon  dioxide  bubbled  into  the  system.  The  introduction  of  carbon 
dioxide  was  continued  until  the  temperature  attained  -78°,  and  the  tem¬ 
perature  allowed  to  rise  to  that  of  the  room.  Hydrochloric  acid  (1:1) 

(40  ml.)  was  added  and  the  layers  separated.  The  aqueous  layer  was  ex¬ 
tracted  with  ether  (3  X)  and  the  total  ethereal  solutions  combined  and 
dried.  Distillation  gave  butyl  bromide,  5.3  g.,  {68$)  and  a  white 
crystalline  residue  cf  crude  acid,  4.5  g.,  (56$).  A  pure  sample  of  the 
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add  was  obtained  by  prep,  scale  v.p.c.  (Silicone  elastomer,  140°)  and 
shown  to  be  2-trifluoromethyl-acrylic  add,  n.p.  50-1°  (lit.  50.2°). 

The  infrared,  and  NMR  spectra  were  consistent  with  this 
structure. 

t.  Reaction  of  Trifluoro-isocropenyl  lithium  and  Triethyichiorosilane 
Trifluoro-iiopropenyl  bromide  (10  g.,  0.057  mole)  in  diethyl  ether 

(150  ml.)  was  cooled  to  -110°  t  3°  under  nitrogen.  Butyilithium  (0.057 
mole)  in  pentane  (35  ml.) /ether  (45  ml.),  preceded  to  -78°,  was  added 
over  5  minutes  while  maintaining  the  temperature  at  -110  -  y .  The 

mixture  was  allowed  to  warn  -100°  ever  20  minutes,  and  triethylchlorc- 
silane  (8.58  g.,  0.057  mcle)  ir.  ether  (40  ml.)  was  added  over  5  minutes, 
while  maintaining  the  temperature  at  -100°.  The  reaction  mixture  was 
then  allowed  to  attain  room  temperature.  A  dense  white  precipitate  formed, 
was  filtered,  dried  and  weighed  (1.6  g.).  This  solid  was  bciied  with 
water,  the  insoluble  component,  filtered,  dried  and  re-weighed  (0.9  g.). 

This  was  shown  to  be  lithium  flucride  (61$) .  The  aqueous  solution  con¬ 
tained  lithium  chloride  (29$).  The  ethereal  react'  r.  mixture  was  distilled 
to  give:  a.  butyl  bromide  3.9  g.  (**16$)  b.  impure  product  0.8  g.  (^  11$) 
and  unreacted  triethyl  chlcrosilane  5.9  g.  (69$).  A  pare  sample  of  the 
product  was  obtained  by  prep,  scale  v.p.c.  (Silicone  gum  rubber,  *10° ) 
and  shown  to  be  triethylflucrcsilane,  b.p.  109°  (lit.  b.p.  109  -  110°). 

This  compound  had  an  infrared  spectrum  identical  to  that  cf  ar.  authentic 

1  19 

sample  of  triethylf luorestlar.e .  The  K  and  F  MR  spectra  were  con¬ 
sistent  with  this  structure. 

u.  Preparation  and  Reactions  cf  3.3.3-Triflucrcpropyr.yl  Lithium 
Preparation  of  i.i,l-Trifluorcprrpvr.e 

The  above  acetylene  was  prepared  in  high  yield  (70  -  80$)  by  zinc 
dust  dehalogenatior.  cf  1,1,2-trichlcrc— 3,3»3-trifLuoroproper.e-l  in  di- 

f  GO  \ 

roethyiacetaxide  v  J  . 

v.  Preparation  of  3.3.3-Triflucroprcpyr.yl  Lithium  and  Reaction  with 

Carbonyl  Compounds  or  Triethyichiorosilane 
£ 

A  cooled  (-78  )  solution  of  butyilithium  (0.05  mole)  in  a  mixed  sol¬ 
vent  (pentane  32  ml.,  ether  32  mi.)  was  added  dropwise  to  a  solution  of 


176  - 


1,1,1-trifluoropropyne  (0.05  mcle)  in  ether  (120  ml.)  at  -?8°.  The  reaction 

mixture  was  stirred  for  30  minutes  at  this  temperature  and  then  warmed  to 
o  ° 

-30  before  being  recooled  to  -78''.  At  this  stage,  a  solution  of  the  car¬ 
bonyl  compound  (0.05  mole)*  in.  ether  (30  ml.)  was  added  and  the  reaction 
mixture  allowed  tc  warm  slowly  to  room  temperature. 

Water  (20  ml.)  and  6H  hydrochloric  acid  (20  ml.)  were  added.  The 
white  precipitate  usually  formed  initially  and  redissolved  on  stirring. 

The  organic  layer  was  separated,  dried  over  calcium  sulphate,  and  the 
solvents  removed  by  distillation.  The  desired  product  was  usually  ob¬ 
tained  by  further  distillation.**  A  pure  sample  was  isolated  using 
preparative  scale  v.p.c. 

♦Carbon  dioride  (Xs)  was  bubbled  into  the  reaction  flask  after  passing 
through  a  calcium  sulphate  drying  tube.  When  using  ethyl  acetate  or 
acetyl  chloride,  a  2:1  ratio  of  3 ,3 ,3-trifiuorcpropyryl  lithium  to  carbonyl 
compound  was  employed. 

**4,4,4-trifluorobut-2-yncic  acid  was  isolated  by  extraction  with  a 
saturated  sodium  bicarbonate  solution  after  solvent  removal.  Acidification 
of  the  latter  afforded  the  acid  which  was  extracted  in  ether.  The  ex¬ 
tracts  were  dried  (CaSO^)  and  the  solvent  removed.  A  pure  sample  of  the 
acid,  m.p.  40  -  42°,  was  obtained  by  vacuum  sublimation.  The  S-benzyl 
thicuronium  salt  was  prepared,  m.p.  147°,  and  submitted  for  analysis. 

The  yields  and  properties  of  the  compounds  obtained  are  given  in 
Table  XVIII. 
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TABLE  XVIII  (continued) 

REACTIONS  OF  3 , 3 , 3 -TRI FLUORO PRO PYNYL  LITHIUM  WITH  VARIOUS  CARBONYL  COMPOUNDS  AND  TRTETHYL  CHLOROSILANE 
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U.  S,  Army  Natick  Laboratories 
Natick,  Massachusetts  01760 


Synthesis  of  a  variety  of  fluorine-containing  compounds  was  studied,  A  con¬ 
venient  synthesis  of  perf luoroal lyl  halides  was  developed.  Lewis  acid  catalyzed 
addition  of  haloalkanes  to  olefins  resulted  in  new  fluoroSlef ins.  A  series  of 
fluorine  monomers  were  prepared  for  polymerization  studies,  A  number  of  partially 
flucrinated  norbomadienes  were  prepared  by  the  reaction  of  cyclopentadiene  with 
haloSlefins  and  subsequent  dehalogenation,  Several  new  fluormated  nitroso  monomers 
were  prepared,  A  oeries  of  compounds  of  the  general  structure  (CH3>3SiCF=CFR  were 
synthesized  utilizing  organolithiura  reagents.  Alcoholysis  of  these  compounds  provides 
a  convenient  route  to  1 ,2-dif luoroolef ins.  Several  other  unsaturated  fluoro- 
organometal lie  compounds  were  prepared  and  their  reactions  studied.  It  was  found 
that  they  could  be  reacted  with  carbonyl  compounds  to  produce  alcohols  which  on  de¬ 
hydration  gave  fluorinated  dienes. 
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